VAN NOS 


TRAND’S 


ECLECTIC 


ENGINEERING 


MAGAZINE. 





No. XIV.—FEBRUARY, 1870.—VoL. II, 





THE SPANISH GUNBOATS. 


From the “ Army and Navy Journal.” 


The annals of naval construction proba- 
bly furnish no instance of greater dili- 
gence than that displayed in the produc- 
tion of the thirty Spanish gunboats now 
floating on the Hudson. The planning 
having been intrusted to Captain Erics- 
son, the contract for building the fleet was 
entered into with the Delamater Iron 
Works, in this city, on the 3d of May, 
1869. On the 19th of May the first keel 
was laid, and on the 23d of June the first 
vessel was launched from Pouillon’s ship- 
yard, 34 working days after laying the 
keel. September 3d, just four months 
from the signing of the contract, and three 
months sixteen days after laying the first 
keel, the last vessel of this fleet was launch- 
ed, at which time fifteen of the vessels 
previously launched had engines and boil- 
erson board! Captain Rafael de Aragon 
of the Spanish navy, under instructions 
from Admiral Malcampo, the naval com- 
mander of the Spanish-Cuban fleet, super- 
intends the equipment. Captain Aragon 
is favorably known in hydrographical 
circles for his accurate surveys of the 
Cuban coast. 

The Spanish gunboats are sea-going 
twin-screw vessels, 107 ft. long on the 
water-line, 22 ft. 6 ins. extreme beam, 8 
ft. depth of hold, and draw 4 ft. 11 ins. 
when fully equipped for service with coal, 
stores, and ammunition for 100 rounds on 
board. The lines at the bow are some- 
what full in order to sustain a heavy bow- 


Vou. II.--No. 2.—8 





gun, the breadth of the deck being carried 
well forward for the purpose of facilitating 
the manipulation of this gun—of which 
we will speak presently. The run is very 
clean, the lines being deemed faultless for 
a twin-screw vessel. The construction of 
the hull presents two novelties worthy of 
special mention. The apparently insolu- 
ble character of the problem—a gunboat 
of this class drawing only 59 ins. of water 
when fully equipped for service—com- 
pelled the designer to dispense with the 
keel. Shipbuilders, it appears, at first 
objected to this innovation, but now ad- 
mit that these gunboats may take ground 
with far less risk of straining and leaking 
than ordinary light-draught vessels with 
weak keels. The other novelty alluded 
to is the cutting down the rail and substi- 
tuting a low, heavy timber bulwark at the 
bow, provided with substantial water- 
ways and lined with sheet-iron to admit 
of firing the gun en barbette. 

In addition to their ample steam power, 
the Spanish gunboats carry full amount 
of canvas, being schooner-rigged, with 
yard and square-sail on the foremast. 
Wire rigging having been adopted and 
the masts and smoke-pipe raked more 
than usual, the appearance of these twin- 
screw vessels is peculiarly light and saucy. 
Considering their great number, swiftness, 
light draught, and the long range of their 
guns, it is evident that the Spaniards 
will be enabled for the future to prevent 
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effectually, incursions on the Cuban 
coast. 

As might be expected, the steam machin- 
ery of these novel war-vessels presents 
features of special interest. It has fre- 
quently been urged as an objection against 
the twin-screw system, that the double 
set of engines, four steam cylinders, with 
duplicates of all their working parts, 
called for on this system, render the whole 
too complicated and heavy for small ves- 
sels; preventing at the same time the 
application of surface condensation. The 
designer has overcome these objections 
by introducing a surface condenser, which, 
while it performs the function of condens- 
ing the steam to be returned to the boil- 
er in the form of fresh water, serves as 
the principal support of the engines, dis- 
pensing entirely with the usual frame- 
work. Besides this expedient, each pair of 
cylinders have their slide-frames for guid- 
ing the movement of the piston rods, cast 
in one piece. Altogether, the combination 
is such that the total weight and the space 
occupied by these novel twin-screw-en- 
gines do not exceed the ordinary single- 
screw engines of equal power. Several im- 
provements connected with the working 
gear have also been introduced. The outer 
bearings of the propeller shafts, always dif- 
ficult tc regulate and keep in order on the 
twin-sciew system, are self-adjusting and 
accommodate themselves to every change 
of the direction of the shafts. This is effect- 
ed by their being spherical externally, and 
resting in corresponding cavities in the 
stern braces or hangers. The “spring 
bearings,” for supporting the middle of 
the shafts, are also arranged on a similar 
self-adjusting principle. The thrust bear- 
ing, which receives the pressure of the 
propeller, is a peculiar construction, the 
arrangement being such that the bearing 
surfaces remain in perfect contact, how- 
ever much the shaft may be out of line. 
The reversing gear, likewise, is quite pe- 
culiar, insuring complete control over the 
movement of the two propellers under all 
eircumstances. It is claimed that these 
engines are the lightest and most compact 
yet constructed for twin-screw vessels. 

The internal arrangements and fittings 
show thorough knowledge and experience 
on the part of the superintending officer. 
Qur friends on the Baltic who pride them- 
selves on knowing more about gunboats 


than other nations, will be astonished ' 





when they learn how the Spaniards fit out 
such vessels. Indeed the equipment more 
resembles that of a yacht than that need- 
ed for a plain gunboat. We cannot afford 
space for 1 specification, and therefore 
proceed to notice only that which is es- 
sential. The coal bunkers are placed on 
each side of the boiler, extending equally 
forward and aft of the centre of displace- 
ment of the vessel, in order to preserve 
perfect trim whether the bunkers are 
full or empty. The magazine, located 
in the centre of the vessel between the 
engine-room and the officers’ quarters 
ait, is lined with lead on the inside, with 
the unusual precaution of having the out- 
side protected by sheet-iron. There are 
three distinct modes of flooding this maga- 
zine, viz.: from the sea, by a powerful 
hand-pump, and by the donkey-engine 
pump. A small armory is arranged be- 
tween the magazine and the cabin, con- 
taining thirty Spencer carbines, thirty 
Spencer pistols, and an equal number of 
cutlasses and dirks, the latter being ac- 
cessible only from the cabin. In addition 
to the ordinary water tanks, a “ fresh 
water maker” of ample capacity is provi- 
ded, in which the condensation of the steam 
is effected by the current of sea-water 
which passes through the surface con- 
denser; the fresh water being drawn off 
through a bent pipe on deck. A combin- 
ed capstan and windlass of novel con- 
struction sufficiently low to fire over, is 
bolted to the deck over the chain locker 
at the bow; the combination being such 
that the capstan may be used alone, or one 
or both anchors raised at the same time. 
The quarters of the crew are arranged be- 
tween the forward boiler, bulkhead, and the 
shell-room, which is situated under the 
bow-gun. Two large ventilators, with 
swinging tops, are applied for supplying 
the berth deck with fresh air. The shell- 
room is divided into several compart- 
ments provided with convenient shelves 
lined with zinc; separate lockers being 
arranged for storing ammunition for small 
arms. The shells are not, as customary 
in our Navy, contained in rude boxes 
strapped with iron. Each shell is placed 
in a well finished box provided with 4 
sliding lid and rope handles, for conveni- 
ent handling—a great improvement, asthe 
shells may be taken out quickly and with- 
out being jarred. We will close our hasty 
description by mentioning that the wire 
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shrouds and smoke-pipe braces are pro- 
vided with turnbuckles, by means of 
which, setting up and adjustment may be 
effected at any time by a single hand. 
Each gunboat is provided with two cut- 
ters and a yawl, all provided with a com- 
plete suit of masts, sails and awnings. 
Respecting the armament the following 
brief notice must suffice for the present: 
It consists of a 100-pound rifle gun placed 
at the bow—a Parrott rifle—but a very 
different weapon from that represented 
by the photographed fragments which 
embellish so many pages of General Gill- 
more’s famous book. Briefly, it is an im- 
proved Parrott 100-pound rifle with 
wrought-iron hoops round the chamber, 
carried to within 3 ins. of the trunnion; 
the chase being increased to correspond 
with the increased strength attained by 
the extension of the re-enforce. The 
severe ordeal through which the improved 
gun has passed during recent trials at 
Cold Spring conducted by the Spanish 
officers promises so well, that no doubt 
this improved Parrott gun has a future. 
To Captain Ericsson’s new gun-carriage, 
on which the improved gun is mounted, 
one of the leading features of the Spanish 


gunboats, we have space for only a cur- 


sory notice. It will be inferred from 
what has already been stated that the in- 
tention is to fire over the bow and in 
line with the keel. For this purpose and 
in order to command a wide horizontal 
range, a circular platform of wood, sur- 
rounded by a brass ring of 12 ft. 6 ins. 
diameter, is bolied to the deck at the bow. 
The gunslide, composed of wrought-iron, 
provided with friction rollers at both ends, 
rotates round a pivot secured to the deck, 
in the centre of the said brass ring. The 
carriage is made of light wrought-iron 
plates and angle iron riveted together in 
such a manner as to insure great strength 
longitudinally as well as transversely. By 
means of an eccentric movement, con- 
trolled by a suitable handle, the compres- 
sor which connects the carriage and the 
slide may be tightened or relieved so 
quickly that detachment will be quite safe 
during rolling; hence the gun may be run 
in and out by the vessel’s motion alone. 
To admit of the gun firing in a direct line 
with the keel, the ordinary jib-stay has 
been abolished, and in place, two separate 
stays attached to the timber bulwarks, one 
on each quarter. Under canvas, a tem- 





| pevary jib-stay is secured to a shackle 


bolted to the outside of the stem. By 
these expedients the gun will have an un- 
interrupted horizontal range of 240 degs. 

The gunboat which was first finished 
made two trips to West Point, in Sep- 
tember, the result being deemed highly 
satisfactory. The official trial did not, 
however, take place until October 25th. 
But for the disadvantage of a combined 
river and tidal current, the Hudson above 
Fourteenth street would offer an unequal- 
led trial ground, the river being perfectly 
straight and running exactly at right an- 
gles with the streets. The ground select- 
ed for the trial trip was from Fourteenth 
street to One Hundred-and-Twenty-ninth 
street, a distance of 30,720 ft., or 5.81 
statute miles. The run up the river 
against the tide occupied 32 min. 35 sec., 
the return trip being performed in 29 
min. 35 sec. Total distance 11.62 miles, 
in 62 min. 10sec. Considering the small 
size and necessarily full lines of these 
gunboats, the speed thus attained is re- 
markable. In open water out of the tidal 
river current, which so injuriously affects 
the propeller by a difference of speed at 
the upper and lower circumference, a high- 
er rate will undoubtedly be attained. It 
should be stated that the vessel, during 
the trial, was loaded with pig-iron to her 
intended maximum draught. 

A fleet of 30 war-vessels, precisely alike, 
being by no means an ordinary sight, a 
visit to Delamater’s Works on the Hudson, 
where the saucy-looking craft are now 
stationed, ten abreast, cannot fail to be 
very interesting to naval men. It is a 
significant fact that this great display of 
offensive and defensive force is the 
result of the efforts of a single estab- 
lishment, directed by individual skill. 
Evidence more conclusive could not be 
furnished, that the progress of the country 
and its resources are equal to any future 
emergency. 





vetn of excellent coal has been dis- 
covered, extending along the line of 

the Kansas Pacific Railroad, east of Den- 
ver. This discovery shows that the work- 
able coal beds of the Rocky Mountains 
extend miles eastward into the great 
lains, and is of the greatest importance 
both to settlers and to the railway com- 


pany. 





VAN NOSTRAND’S ENGINEERING MAGAZINE, 





ON THE OUTFLOW OF STEAM. 


By J. W, MACQUORN RANKINE, C: E., LL.D.,F.R. S. 


From “ The 


1. Having been led, by careful consider- 
ation of Mr. R, D. Napier’s researches on 
the outflow of steam, to the conclusion 
that the fundamental principle of his 
theory is substantially correct, I propose 
to show, in this communication, how that 
principle is to be used in combination 
with the expressions for the energy de- 
veloped by expanding steam, which are 
deduced from the laws of thermodyna- 
mics. 

2. In the first place, I will refer to the 
thermodynamic formula for the velocity 
of outflow of a perfect gas. If that. for- 
mula is to be named after its first pub- 
lisher, it should, so far as I know, be 
called “ Weisbach’s formula,” and by that 
name I will denote it for brevity’s sake 
throughout this communication. 

It is quite true, as Mr. R. D. Napier 
has pointed out, that the ordinary method 
of using Weisbach’s formula is based on 
the supposition that the pressure at the 
contracted vein or throat of the jet is the 
same as in the space into which the 
gas is discharged. That this supposition 
is realized in the case of air (and pro- 
bably of other gases) issuing from a 
conoidal converging nozzle of the form of 
the contracted vein, with pressures in the 
air vessel ranging up to about double 
the external pressure, is proved by the 
experiments of Weisbach, in which the 
quantities discharged from such a nozzle 
agree practically with those given by the 
formula. But if by any means, such as 
the addition of a trumpet-shaped expand- 
ing discharge pipe to the nozzle, the 
pressure.at the contracted vein were made 
to become different from that in the outer 
space, or if the jet. were to spread of itself 
after issuing from the orifice, and if the 
pressure were not to become equal to the 
outside pressure until the sectional area 
of the jet had become greater than that of 
the throat, it is evident that results very 
different from those commonly deduced 
from the formula would be obtained. The 
formula, however, might be made appli- 
cable to such cases, supposing friction to 
be insensible, by taking for the effective 
area of outlet, not that of the throat 
of the nozzle, but the transverse area of 





Engineer.”’ 


the jet at the place where its pressure 
first becomes equal to that in the outer 
space. 

3. In the experiments of Weisbach the 
outside pressure, being always that of the 
atmosphere, was not varied to any 
material extent; and therefore the cir- 
cumstances were not adapted to show 
directly the existence of a maximum in 
the mass discharged with a constant inside. 
_ and a variable outside. pressure. 

e only experiments I knew of which 
directly show such.a maximum are those 
of Thomson and Joule. Of course there 
can be no such intermediate outside pres- 
sure corresponding to a maximum in the 
velocity of discharge, which must, increase 
with every diminution of the outside 
pressure ; although there is a limit to 
the increase of that velocity when the 
outside pressure becomes inappreciably 
small. 

4. It appears from Weisbach’s experi- 
ments that, in order that the formula may 
give correct results with a constant co- 
efficient of discharge, it is necessary that 
the nozzle should in every case have an 
entrance resembling the contracted vein. 
For example, in the following cases the 
co-efficients of discharge may be con- 
sidered as practically constant. 

Coefficient of discharge :—Conoidal 
nozzle of the form of the contracted vein, 
from 0.97 to 0.99. Short cylindrical tube, 
bell-mouthed at the inner end, from 0.92 
to 0.93. 

On the other hand, when the entrance 
to the nozzle is sharp-cornered, or when 
the outlet is simply a hole in a thin plate, 
the coefficients of discharge are irreg- 
ular. 

5. General Formule for the Outflow of 
Elastic Fluids.—The following formule for 
the outflow of elastic fluids have long 
been well known, Let p, be the absolute 
pressure inside a vessel, such as a boiler, 
and p, the absolute pressure outside. Let 
U denote the work done by an unit of 
weight of the fluid employed, if admitted 
into a cylinder at the pressure p,, ex- 
panded till the pressure falls to p,, and 
expelled at the latter pressure. Then the 
final velocity with which the fluid will 
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escape from an outlet in that vessel will 
be given by the following formula :— 

v=J(2g0). (1) 
g denoting gravity. 

Let s, be the volume of the space occu- | 
pied by unity of weight of the fluid in the | 
escaping jet at the instant when its pres- | 
sure becomes equal to the external pres- | 
sure p, ; then the weight of fluid which | 
escapes per second through each unit of | 
effective area of outlet is expressed as | 
follows :— 


(2) 


I will call this for brevity’s sake the mass- 
velocity. 

6. The general formula for the quantity 
of work U, in all cases whatsoever, is as 
follows : 


—fPi P 
™ ft — 


where s is the volume occupied by unity 
of weight of the fluid when its pressure 
isp. The quantity of work U may be 
represented by the area of a diagram 
such as ABCD; where AB represents 


A B 


- (3) 
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8,, the initial volume, and D C represents 
8, the final volume, of unity of weight ; 
DA represents p,—p,, the total fall of 
pressure ; and B C is the expansion curve. 
The zero line of absolute pressure is rep- 
resented by O X. It is evident that the 
mass-velocity 
/2gU_ /2%y9.y(ABCD) 
x -- ~~ 
varies proportionally to the square root 
of the ratio which the area A B C D bears 
to a square described on DC as a base, 
which ratio is equal to the ratio that the 
mean height of the line A BC above DC 


n= 





(which mean height represents the mean 


effective pressure) bears to D C. This 
mode of viewing the matter makes it easy 
to understand how it is that for a given 
inside pressure there is a certain out- 
side pressure which makes the mass- 
velocity a maximum. For, on the one 
hand, when D C is very near to A B, the 
rate in question becomes very small 
through the smallness of the effective 
pressure ; and, on the other hand, when 
DC is very near to OX the same ratio 
becomes again very small through the 
great increase of DC ; so that the great- 
est value of that ratio must be given by 
some intermediate position of DC; and 
this holds for every known law of expan- 
sion. The way in which the volume s 
varies with the pressure p depends on the 
nature and condition of the fluid, and the 
circumstances in which it is placed as to 
transfer of heat. 

Although the pressure denoted by p, in 
the preceding formule is equal to that 
in the outside space, the corresponding 
volume of unity of weight of the fluid in 
the jet s, is /ess than the volume ultimate- 
ly assumed by the same mass when it 
comes to a state of rest ; for the extinc- 
tion by friction of the motion of the jet 
causes the temperature of the quiescent 
external fluid to be higher than that of 
the escaping jet. 

When steam which, though saturated, 
is dry inside the boiler, escapes through an 
outlet, the exact formule for the mass- 
velocity under different circumstances as 
to transfer of heat, and the approximate 
formule, which may be substituted for 
those exact formule, give results whose dif- 
erences from each other are not of much im- 
portance in a purely practical point of view. 
But when the steam within the boiler is 
misty, and holds liquid water in suspen- 
sion, the results may differ very widely 
from those for dry steam. In any case, 
it may be instructive to compare together 
the severai formule, exact and approxi- 
mate, for the work U and the volume s, 
under different circumstances. 

7. Steam Gas.—For steam superheated 
to such an extent as to be sensibly in the 
perfectly gaseous state, both before and 
during its expansion, if it escapes without 
receiviig or giving out heat, the proper 
formula is that of Weisbach, already re- 
ferred to, with the value 1.3 for the index 
of the power of the dénsity to which the 
pressure is proportional. Examples of 
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the results of this formula, calculated by 
Mr. Baldwin, have already been given in 
“ The Engineer.” 

8. Saturated Steam, with a Non-Conduct- 
ing Nozzle-—The exact thermodynamic 
formula for the quantity of work denoted 
by U, when steam free from moisture ex- 
pands without transfer of heat, was inde- 
pendently investigated by Clausius and 
myself, and published by me in a paper 
read to the Royal Society in 1853, and 
printed in the “Philosophical Transac- 
tions” for 1854, and by him in lectures de- 
livered orally in 1854, and in a paper in 
“ Poggendorff’s Annalen” for 1856. It is 
as follows : 


U=Jd ft, — t, — t, hyp. log. ©. } 
2 


+ 17H fae oe 

In which J denotes Joule’s dynamical 
equivalent of a degree of heat in liquid 
water, being 772 ft. per degree Fahr., or 
424 metres per degree Centigrade ; ¢, and 
t, are the absolute temperatures corre- 
sponding to the pressures of saturation 
p, and p, respectively ; and H, is the dy- 
namical equivalent of the latent heat of 
evaporation of an unit of weight of water 
at the higher pressure. The value of H, is 
given to a close approximation by the 
formula 

H,=a-bt, . . . - (4a) 
in which a=1,109,550 ft., or 338,191 me- 
tres ; and b—540ft. per degree of Fahr., 
or 297 metres per Centigrade degree ; 
and thus the value of U is made to de- 
pend on the two temperatures ¢, and /, 
alone. 

The steam partially condenses during 
the expansion ; and the liquid water thus 
formed is re-evaporated through the heat 
produced when the motion of the jet is 
extinguished by friction. The volume 
s, to be used in calculating the mass-ve- 
locity is that of the moist steam at the 
end of the expansion, and its value is as 
follows : 


dil t H 
$2= Gp, (3 byp- log. +") + + + @ 


P dt —— 
in which ea denotes the rate of variation 
2 


of temperature with pressure of saturation 
at the lower limit of pressure. 

By comparing the volume s, given by 
the formula, with the volume of unity of 
weight of dry saturated steam at the 





pressure p,, the proportion of steam tem- 
porarily liquefied may be calculated. 

The equations 4 and 5 were originally 
demonstrated with a view to their employ- 
ment in calculating the work of steam in 
steam-engines. Zeuner was the first (so 
far as I know) to apply them to the 
question of the outflow of steam, which 
he did in a paper entitled “Ueber den 
Ausfluss von Daempfen und hocherhitzten 
Fluessigkeiten aus Gefaessmuendungen,” 
published in the “Civilingenieur” for 
1864, vol. x. part 2. The following are 
examples of results calculated by him. 
The mass-velocities of outflow are given 
in kilogrammes per second per square 
metre of effective area of outlet; and I 
have added the corresponding values in 
pounds per second per square inch of ef- 
fective area. The external pressure in 
each case is that of the atmosphere. 





j | 
Internal | x Mass-velocity. Mass-velocity. 
absolute Velocity. Kilogs. per sq. | Pounds per sq. 
pressure,| Metres per metre per inch per 
Atmos ph ’s second, second, second. 





0 0 0 
481.7: 304 83 0.434 
606. 393.15 0 559 
681.56 449 28 0.639 
734.43 490.53 0.698 
775. 523.22 0.744 
807. 550.12 0.783 
835. 573.25 0.815 
858. 593.89 0.845 
578.92 611.16 0.869 
896.87 627.18 0.892 
913.05 641.73 0.911 
| 











Within the limits of pressure that are 
usual in practice, the density of originally 
dry saturated steam when expanding ina 
non-conducting cylinder varies nearly as 
the ninth power of the tenth root of the 
absolute pressure, and therefore the fol- 
lowing approximate formule may be used 
instead of equations 4 and 5: 


U =10p, », ji—(F)*} .. @ 


So = 8, ay eo ce 

9. Outflow of Superheated Water.—-The 
following expressions for work done in 
driving a piston in a non-conducting cyl- 
inder by an unit of weight of water ad- 
mitted into the cylinder while wholly in 
the liquid state, and for the volume to 
which that water ultimately expands by 
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partial evaporation, were investigated in- 
dependently by Clausius and myself, and 
first published in the two papers already 
referred to. 
t 
wv =s}t,—t,(1 + hyp. log. +) $+.) 
it t H e 
a ty 
8's =ap, hyp. log.j" wad * )t +. (9) 
in which / denotes the volume of unity of 
weight of liquid water, and the other 
symbols have the meanings already ex- 
plained in article 8. 

In my own application of these formule | 
the terms enclosed in square brackets [ ], | 
which depend on the volume / of the wa- | 
ter when in the liquid state, are neglected, 
as being practically inappreciable. In 
Zeuner’s calculations those terms are ta- 
ken into account for the sake of greater 
precision. In fact, the terms in square 
brackets ought to be inserted in the equa- 
tions 4 and 5, in order to give absolute 
precision. 

The formule 8 and 9 (subject to the | 
preceding explanations) were applied to | 
the outflow of superheated water from a | 


boiler by myself in the “ Philosophical | 
Magazine” for December, 1863, and by | 
Zeuner in the paper already referred to, | 
published in the “Civilingenieur™ for 
1864. The results of the calculations of 
both authors give for the mass-velocity of 
superheated water escaping into the at- 
mosphere from a boiler in which the in- 
ternal absolute pressure ranges from two 
to twelve atmospheres, values differing lit- 
tle from 1120 kilogrammes per second per 
square metre of effective area, or very 
nearly 1.6 lbs. per second per square inch 
of effective area. 

10. Outflow of Mixed Water and Steam. 
—Clausius was the first to combine the 
expressions 4 and 5 with the expressions 
8 and 9, so as to obtain the values of the 
work done in a non-conducting cylinder, 
and of the final volume assumed, by a 
mixture of steam and liquid water in giv- 
en proportions. In each unit of weight of 
the mixture let f be the fraction that is in 
the liquid state, and 1—/ the fraction that 
is in the vaporous state at the beginning 
of the expansion. Calculate U and s, as 
for steam, by equations 4 and 5, and U' 
and s’, as for superheated water, by equa- 
tions 8 and 9; then the mass-velocity is 
[29 -f{A—f/)U+FV'} | ag 

(1 —f)se +f 8's 








n= 





11. Outflow of Saturated Steam kept dry. 
—If we suppose the steam to escape 
through a conducting nozzle, from which 
it receives just heat enough to prevent 
any liquefaction, the value to be taken for 
U is that of the work done by an unit of 
weight of dry saturated steam in a jacket- 
ed cylinder. The only original investiga- 
tion of the exact value of that quantity of 
work, with which I am acquainted, is that 
contained in a paper of mine which was 
received by the Royal Society in December, 


|1858, and printed in the “Philosophical 


The 


Transactions” for 1859, page 177. 
formula is as follows :— 


. (11) 


t 
U=ahbyp. log. i, —b (t; —t,) . 


in which ¢, and ¢, are, as before, the abso- 
lute temperatures corresponding to the 
inside and outside pressure respectively; 
and a and b are the coefficients already 
given in the formula for the latent heat of 
steam; viz., @ = 110955 ft. = 338191 
metres; b = 540 ft. per degree of Fahr., or 
297 metres per Centigrade degree. 

The value of s, is simply the volume of 
unity of weight of dry saturated steam at 
the pressure p,, that is to say 

dt,fa 
_ api(- —b).. 

Tables and diagrams have been publish- 
ed, from which the values of U and of s, 
can easily be found. 

In the paper just cited it was shown that 
within the limits of pressure which are 
usual in practice, the density of dry satu- 
rated steam varies nearly as the sixteenth 
power of the seventeenth root of the abso- 
lute pressure; hence the following approx- 
imate formulz may be used:— 


Pe yin 


-G 
Pi») 
>) ‘ 
12. Mr. R. D. Napier’s first Formula 
gives results whose differences from those 
of Zeuner’s calculations are immaterial in 
practice so long as the internal absolute 
pressure does not exceed twice the exter- 
nalabsolute pressure. It has been shown 
by Weisbach (Civilingenieur, 1856) that a 
formula resembling that of Mr. Napier, 
though not quite identical with it, gives a 
value of the velocity of outflow of air about 
24 per cent. greater than that given by the 
exact thermodynamic formula when the 
external pressure is twice the external 


s = (12) 


U=17p, »; \1 . (13) 


- (14) 


8, = 8, 
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pressure. It is obvious that the simplicity 
of Mr. Napier’s formula is a great ad- 
vantage in calculations for practical pur- 
poses. 

13. Effective Area of Outlet—When the 
external pressure does not exceed about 
twice the internal pressure, it appears, 
from the experiments of Weisbach on air, 
and of Mr. R. D. Napier on steam, that 
the effective area of outlet is sensibly that 
of the contracted vein or throat; that is, 
for a tapering conoidal nozzle, an area very 
little less than that of the narrow end of 
the nozzle, and for a short cylindrical tube 
from .9 to .8 of the transverse area of the 
tube, according as the entrance to it is 
rounded or not at the inner end. 

Zeuner, near the end of the paper al- 
ready referred to,considers it probable that 
the effective area of the jet is in general 
greater than the actual transverse area of 
its throat or narrowest part, in a propor- 
tion depending partly on the form of the 
outlet and partly on the pressure. He 
makes no attempt to determine from theo- 
retical principles what laws that propor- 
tion may follow, and states that those 
laws are to be ascertained by experiment 
only. 

The experiments of Mr. R. D. Napier 
are to be considered as forming an im- 
portant step towards the determination 
of those laws. The following table shows 
some examples of the calculation of the 
ratio of the effective area of the jet to that 
of its throat, or coefficient of extension, as 
it may be called, based on a comparison 
of the results of Mr. Napier’s second for- 
mula (regarded as representing his exper- 
iments empirically) and those of Zeuner’s 
calculations already referred to. 


External pressure, 1 atmosphere. 
Internal pressure, atmospheres, 
2 3 4 


Mass-velocity in kilos. per square metre 
per second (Zeuner), 


304 393 449. 
Discharge in kilogrammes per second per 
square metre of throat of jet (Napier), 

316 478 632. 

Co-efficient of extension, 

1.04. 1.22. 1.41 


Experiments on the outflow of steam 
should be made with nozzles of the form 
of the contracted vein, opening at once 
into large receivers, or into the atmos- 


phere ; for thus are obtained values of the | 





coefficient of extension when freed from 
the effects of special forms of outlet. That 
the effects of such forms may be very 
great will at once appear when it is con- 
sidered that in an outlet having a conoidal 
converging part at the inner end, a nar- 
row throat, and a gradually diverging 
trumpet-shaped part at the outer end, 
the effective area (subject to certain limi- 
tations which it 1s unnecessary here to 
state in detail) is well known to be situ- 
ated, not at the narrow throat, but at or 
pear the wide mouth. This, in fact, is 
one of the essential principles of the 
action of jet pumps, injectors, and ejectors. 
Even when the widening towards the 
mouth takes place abruptly, as when a 
narrow cylindrical tube is followed bya 
wide one, the effective area is not that of 
the narrow tube, but is intermediate be- 
tween the area of the narrow tube and 
that of the wide tube. Such appears to 
have been the construction of the appara- 
tus employed by Mr. Napier in an experi- 
ment described in his letter which ap- 
peared in “The Engineer” of the Ist of 
October, 1869. The mass-velocity, cal- 
culated theoretically from the pressures, 
is about 22 lbs. per minute per square 
inch of effective area ; the discharge per 
minute was 13 lbs.; therefore the effective 
area was about 0.6 of a square inch. The 
transverse area of the narrow pipe was 
0.246 of a square inch ; that of the wider 
pipe, between 0.785 and 1.23 square inch. 
Hence it appears that the effective area of 
the jet was intermediate between those of 
the throat and of the mouth of the outlet 
tube. 

14. Maximum Mass-Velocity.—Mr. Na- 
pier’s second formula may be regarded as 
approximating to the results of the sup- 
position, that when the outside pressure 
falls below that which corresponds to the 
maximum mass-velocity, the coefficient of 
extension adjusts itself in such a way that 
the pressure corresponding to the maxi- 
mum mass-velocity is still maintained at 
the throat of the jet ; a supposition not 
improbable in itself, and confirmed, at all 
events approximately, by Mr. Napier’s ex- 
periments so far as they have gone. 

In order to determine the consequences 
to which this theory leads when applied 
to the more exact formule for the work 
done by steam in expanding, it is to be 
observed that if the absolute pressure 
varies nearly in proportion to that power 
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of the density whose index is n, the 
greatest mass-velocity is attained when 
the pressure at the throat, or narrowest 
part of the outlet, bears the ratio to the 
internal pressure which is expressed by 
the following fraction : 


n+1)—” 
Cai 
The following are examples of the value 
of that fraction : ; 
a 14 13 0.408 


a: 1 = = % 0.5968 0.5823 0.5457 0 5269 
2 r— 


n=l 


The last of these values approximates 
nearly to 3, being the value assumed by 
Mr. Napier. 

Tt has already been stated that when 
dry saturated steam is supplied during its 
expansion with heat just sufficient to pre- 
vent liquefaction, the value of nis; nearly; 
hence the absolute pressure in the throat 
of the outlet corresponding to the greatest 
mass-velocity is very nearly 0.6 of the ab- 
solute internal pressure. The following 
table shows some examples of maximum 
mass-velocities calculated according to 
those principles, expressed in pounds 
per square inch of throat of outlet per second; 
and compared, first, with the results of 
Mr. Napier’s second formula as shown by 
his Table, and, secondly, with those of a 
formula found by trial, and which, al- 
though it gives a very rough approxima- 
tion, is convenient because of its great 
simplicity; it consists in taking one- 
seventieth part of the absolute internal pres- 
sure on a given area for the mass dis- 
charged through an equal area of throat. 


— 

jMaximum mass-velocity—lbs, per sq. 

eiiiiiedin ti inch of throat per second. 
ternal | oad 

ture. acacia ne ee 


. ressure— | 
Fabvenbeit Hs | 


Ibs. on the | | 
square inch. | Theoretical 
formula, 


Mr. R.D. | 
Napier’s | Rough 
formula, formula. 


——__ 


212 
239 
248 
293 
329 
356 
419 


14.70 
24.54 
28.83 
60 40 
101.9 
145.8 
305.5 


0.219 
0.360 


| 

| 0.210 
0 415 | 

| 

{ 


0.351 
0.412 
0.863 
1.456 
2.083 
4.364 


0.860 
1.43: 

2.025 
4.144 











The fourth of these examples, in which 
the absolute internal pressure is 60.4 lbs. 





on the square inch., and the theoretical 
mass-velocity per square inch. of throat 
is 0.86 lbs. per second, or 51.6 lbs. per min- 
ute, agrees very closely with Mr. Napier's 
experiment described in “The Engineer” 
of the 1st Oct., 1869, p. 228, col. 2. 

15. Conclusions—From the general 
agreement of the results of Mr. R. D. 
Napier’s formule with those of his 
experiments, and of both with those 
of theoretical formule taken in com- 
bination with the supposition that 
the pressure at the throat of the out- 
let never falls below that corresponding 
to the maximum mass-velocity, it may be 
inferred that the following conclusions, if 
not absolutely proved, are at all events 
highly probable. 

First. The pressure at the throat of the 
outlet never falls below that correspond- 
ing to the maximum mass-velocity of out- 
flow, how low soever the external pressure 
may be; and, so far as I know, the merit 
of originally proposing and applying this 
principle belongs to Mr. R. D. Napier. 

Secondly. A rule based on the combina- 
tion of the preceding principle with ther- 
modynamic formule and tables for the 
work of expanding steam, gives results 
nearly agreeing with those of Mr. Napier’s 
experiments and of his second formula. 

Thirdly. Mr. Napier’s pair of formule 
give results which are good approxima- 
tions for practical purposes. 

Fourthly. As a rough approximation, 
the weight of steam discharged through a 
given area of throat may be taken as nearly 
equal to one-seventieth part of the internal 
absolute pressure on an equal area, when 
that pressure is not less than five-thirds 
of the external absolute pressure. When 


| the internal absolute pressure is less than 


five-thirds of the external absolute pres- 
sure, calculate the outflow as if for an in- 


| ternal absolute pressure equal to five-thirds 


of the external pressure, and diminish it ina 
proportion expressed by the square root 
of the ratio, in which the actual difference 
of pressures is less than two-thirds of the 
external absolute pressure. 

These rough rules are expressed in sym- 
bols as follows: Outflow in units of weight 
per unit area of throat, nearly when: 

Pi = > F Pe; 
outflow = p, + 70; 
and when p, > $ pe; 


outflow = P2, J / 3 (p, — Pe) t 
42 


2 pe 
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THE PROPERTIES OF MALLEABLE CAST-IRON. 


By DR. ADOLPH OTT. 


From the “Journal of Applied Chemistry”’ 


The increased flexibility of malleable 
iron, according to Mr. R. Mallet, is to be 
attributed to the fact that small crystal- 
line scales of graphite are uniformly dis- 
seminated through the mass of the iron. | 
Indeed it is otherwise known that the 
most rigid materials become flexible 
when fibrous or scaly crystals of different 
natures are distributed through them ; 
these latter may themselves form in flexi- 
ble bodies when united to larger masses. 
The flexible Indian sandstone, for instance, 
consists of a mass of quartz crystals 
through which fibres of asbestos are uni- 
formly disseminated ; other kinds of flex- 
ible sandstones contain mica crystals in 
the quartz mass, as, for instance, the 
itacolumite, which, in Brazil, is regularly | 
associated with the diamond. The flex- 


ibility of the respective bodies must in all | 
these cases be ascribed to the property of | 
the smooth crystals to change their re- | 
lative position to each other, and, with re- 


gard to the mica scales in the sandstone, | 
they behave like the graphite scales in the 
iron. 

According to Pelouze and Fremy the 
specific gravity of malleable iron ap- 
proaches very nearly that of cast-iron. 
Brull, as the result of three determina- 
tions, found the numbers 7.10, 7.25, and 
7.35. The specific gravity of wrought- 
iron being from 7.6 to 7.8, we have anoth- 


er proof that malleable cast-iron is not | 
Thin pieces, of a diameter not over one- 


identical with wrought-iron. The fracture 
of malleable cast-iron is very different 
from that of any kind of wrought-iron ; 
it is darker and less brilliant, and lacks 
that fibrous aspect so characteristic of 
tough wrought-iron. It is similar to dark 
and ordinary pottery, but different from 
it in color and lustre. In forging, the 
aspect of the fracture becomes greatly al- 
tered, on account of the flexibility of the 
material, which sometimes requires con- 
siderable hammering before it breaks. 
The fracture of very carefully manufac- 





tured malleable iron appears on the aver- 


but the surface often appears somewhat 
whiter. Large pieces can seldom be well 
turned to a great depth. According to 
some statements, malleable iron is capa- 
ble of taking a better polish than cast- 
iron, and it takes as good a one as cast- 
steel. It also holds a better lustre than 
many sorts of dark and impure wrought- 
iron, but the polish is inferior to that of 
good steel, as in razors of first quality, 
even the surface appears a little whiter. 
Good hard cast-iron may probably be 
polishedas well. With regard to the hard- 
ness, reliable data are not procurable. 
Malleable cast-iron is generally very soft 


'—softer than wrought-iron of any kind. 


It takes the impression of the hammer 
with a very slight blow, and wears off 
rapidly in contact with rough surfaces. 

It is exceedingly porous, as may be ex- 
pected from its small density. According 
to Brull, oil, when left in a cup of mallea- 
ble iron, penetrates through it in a very 
short time ; the correctness of this asser- 
tion, however, remains doubtful. Cast- 
iron bells are far more elastic than bells 
of malleable iron, producing also a higher 
and clearer sound. 

Morin and Tresca have found that the 
elasticity of malleable cast-iron is consid- 
erably less than that of the most inferior 
wrought-iron. The absolute power of re- 
sistance is indicated by the latter as being 
thirty-five kilogrammes per square metre. 


quarter or three-eighths of an inch, may be 
bent while cold, without cracking; but 
they can rarely be restored to their origi- 
nal state without being partly or alto- 
gether fractured. However, the end ofa 
rod may be forged till red hot, without a 
break or crack being produced; thin plates 
may safely be hammered into hollows, 
provided they are not too deep. Mallea- 
ble iron will bear rolling to a small degree. 
All these manipulations bring about 4 
closer grain, and a fracture similar to that 
of fine-grained steel-like iron. No instance 


age more like that of a very fine-grained, | is known where malleable iron has been 


white cast-iron than that of wrought iron. 
In large pieces the fracture is uniform | 
throughout. In filing, turning, and plan- 


ing it works quite similar to wrought-iron, | 


| thereby a finer grain. 


drawn into wire; but this is possible, since 
it will bear a slight elongation, assuming 
It may be pretty 
well forged at a low red heat, somewhat 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


123 





above a cherry-red heat, but in endeavor- 
ing to beat it out, it tears and breaks to 
pieces. According to Mallet, this tem- 
perature, and that beneath a bright yellow 
heat, are those at which it may be best 
forged; but it is more than probable that 
various kinds act differently under the 
same circumstances. This peculiarity cer- 
tainly deserves further attention, on ac- 
count of the fact that various articles 
which have not, as yet, been produced 
from malleable iron, might advantageously 
be made from it in cases where the form 
of the cast piece might have to be altered 
afterward. When hammered at yellow 
heat, malleable iron falls to pieces, and 
large, not uniformly cemented pieces, ap- 
year in the interior. 

It is clear that malleable iron cannot be 
welded properly; indeed, this is the case 
even if two pieces can be made to stick 
together, and the surface of contact be 
kept free from rust; it is self-evident that 
it cannot be welded with wrought-iron or 
steel, still it may be soldered with them 


| by means of hard solder. With respect 
| to the fusing point of this metal, it is a 
‘high one; it lays above that of gray or 
halved cast-iron, but probably not above 
that of many sorts of white or hard cast- 
iron, and certainly considerably below that 
of cast-steel. In the fire, malleable cast- 
iron is said to become more slowly oxi- 
dized than ordinary cast-iron. In France, 
the silver refiners use a large number of 
crucibles that are manufactured from that 
material, but no accounts exist of how 
much iron they leave to the silver. Ac- 
cording to Brull, malleable iron can be 
tempered with the ordinary carboniferous 
cementing powders, as well as with prus- 
siate of potassa. If watered when bright 
red hot, it may be tempered more or less; 
still the temper is always imperfect, not 
uniform, and quite different from that of 
good steel, but perhaps more perfect than 
that which wrought-iron assumes, when 
suddenly cooled. Still, correct  state- 
ments are yet wanting with regard to 
this point. 





REPAIRED BOILERS. 


From “The Engineer,” 


The dangerous character of steam boil- 
ers which have been subjected to repeated 
mending is notorious to every engineer 
who has given even the slightest attention 
to the working of this class of machinery. 
His list of boiler calamities will contain 
many conspicuous records of serious dis- 
asters resulting from the incapability of 
many people who have had the practical 
oversight of boilers at ironworks, and 
collieries in particular, to detect when a 
boiler has been sufficiently patched. Those 
records will likewise strengthen him in 
his conviction that very many workmen to 
whom repairs are intrusted are altogether 
unfit for their duties. 

There is hardly any operation connected 
with the repair of a boiler more produc- 
tive of danger than that by which rivets 
are brought into a line. The day is gone 
by, we hope, when in new boilers the longi- 
tudinal seams are made to run in a con- 
tinuous line from end to end, with the 
transverse seams also continued com- 
pletely round the boiler, giving at the 
corner of each plate four thicknesses of 
iron, Yet unskilful repairs often produce 


continuous lines of rivets at the very place 
in a boiler where it is most desirable that 
there should be the brick-wall-like arrange- 
ment of the seams, which adds much to 
the strength, and also often prevents a 
rent from continuing forward to a dan- 
gerous point. A large externally fired 
tube boiler at an ironworks in Wolver- 
hampton some time ago burst its shell. 
The first rupture took place in a seam 
| over the fire, where frequent repairs had 
led to a considerable length of longitud- 
| inal seam, being in one continuous line. 
| The four plates over the fire parted and 
opened out until they had ripped two 
seams completely round the boiler. The 
plates were thrown in one flat piece upon 
a bank behind, whilst the main body of 
the boiler, with the tubes, was turned over 
and the front end blown away. More re- 
cently, at Newcastle-upon-Tyne, a plain 
cylindrical boiler was much torn up, and 
all the fragments thrown to the front of 
their original position. The boiler was 
very old and much deteriorated, so that 
it was unable to bear the ordinary pres- 
sure, a longitudinal arrangement of the 
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plates contributing to the weakness. 
Shortly afterwards, in the same town, a 
similar boiler was much torn and scatter- 
ed. Here, too, the plates had been ar- 
ranged longitudinally, and the accident 
began at a patch lately put on. The boiler 
had become so deteriorated by nearly 
thirty years’ wear, that it was not able to 
do the moderate duty required of it. Very 
quickly afterwards, at Durham, another 
plain cylinder, with plates longitudinally 
arranged, and which had been working 
twenty-seven years, gave way at an old 
fracture over the grate, and was torn into 
four pieces, which fell a great distance 
off; and on the 18th of October last a 
plain cylinder with round ends, 40 ft. long 
and 6 ft. diameter, made of half-inch plates, 
and set with a fire-grate at one end, and 
flash flue, exploded at the works of the 
Great Bridge Iron and Steel Company, in 
South Staffordshire. The front end, with 


three rings of plates, was thrown up to a 
sufficient height to clear the buildings, 
and fell into a pool some distance to the 
right and slightly to the rear, the remain- 
ing part of the boiler being left near to 
its original position. 


The boilers on each 
side were thrown off their seats, that on 
the left knocking down a new upright 
boiler which was nearly ready to work. 
The first rent appears to have taken place 
at a seam over the left side of the fire- 
grate, where four new plates and a long 
patch had been inserted. This rent must 
have instantly extended across the front 
of the man-lid above and around the 
fourth transverse seam, near some patches, 
thus allowing the shell to open out, the 
reaction of the issuing contents sending 
the fragments upwards. There were so 
many patches in the boiler, especially 
around the part which gave way, that 
many seams were made in continuous lines 
without any break of joint, and a great 
number of rivets must have been removed 
from some of the seams more than once, 
thereby very much reducing their strength. 
“T believe,” said Mr. E. B. Marten, from 
whose evidence at the inquest last Friday 
we have been quoting, “the cause of the 
explosion was simply that this frequent 
repair had so reduced the strength of the 
boiler that it was unable to bear even the 
usual working pressure. It is often diffi- 
cult,” he adds, “to convince those who 
have the repair of boilers that the putting 
of patch upon patch reduces the strength 





of the boiler, until it is completely un- 
trustworthy, although it may not leak; 
but several explosions this year, and very 
many in past years, have proved the fact 
beyond dispute. The great havoc caused 
by such an explosion as that now under 
investigation, leads many casual observers 
to suppose that they are caused by some 
sudden accession of force within the 
boiler ; but the enormous force pent up 
within any high-pressure boiler is quite 
sufficient to account for all the mischief, 
when the balance of strain in the fabric 
is destroyed by the sudden giving way of 
a weak seam.” 

It is as true now as it was eighteen 
hundred years ago that an effectual way 
of destroying that which is old, is to patch 
it with that which is new. The danger is 
more in the patching than in the repairing. 
True, a boiler, any more than a garment, 
is not as strong after repair as when new, 
even though not a patch, but a new breadth 
be inserted; still the new breadth, prop- 
erly put in, is much less likely to bring 
about destruction than the patch. Very 
little capital, and hardly more ability, is 
needed in the coal and iron districts to 
enable a man to pass muster as a “boiler 
maker.” He should rather be termed a 
boiler mender. A portable forge, a few 
hammers and drifts, and he is set up. Small 
colliery proprietors, and sometimes iron- 
works-people,instead of sending for help 
to a boiler-making firm of standing, too 
often call in these small masters. When 
an accident happens, the evidence of em- 
pirics of this class is too often gravely 
taken as the evidence of “practical” men. 
Invariably the proprietor of the boiler is 
able to say that he has given orders for 
everything to be done to the boiler maker 
considered necessary. The boiler mend- 
er, knowing that, because of its lesser 
first cost, a patch would be far more in 
consonance with the proprietor’s views 
than a whole plate, had patched, and not 
effectually repaired, the boiler; and he is 
always ready to declare to a coroner and 
jury that, in his opinion, all had been done 
that was necessary. Yet how frequently 
it turns out that the accident has happen- 
ed almost immediately after the repairs 
have been done. In the case of a cylinder 
boiler at Dudley, not long since, this fre- 
quent patching over the fire had brought 
the longitudinal seams for several plates 
without break of joint. A patch had been 
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put on a few days before the explosion, 
and as the rivet holes had badly fitted, 
there had been much strain caused by 
drifting, and the rivets were much distort- 
ed. The frequent and badly executed 
repairs over the fire-place had so weaken- 
ed the structure as to make it unable to | 
bear the very high ordinary pressure. 
In the case at Great Bridge, which has | 
called forth this article, the boiler maker 
had only at 4 o’clock finished putting in 
some 16 rivets over the fire to stop a leak- 
age, and at 74, half an hour after steam 
had been got up in it, the explosion oc- | 
eurred, killing three people. In this case 
the boiler maker acted up to the light 
which he promised, and the proprietors 
of the boiler had no reason to believe that | 
it was not as much light as was needed. 

His evidence is, that when called in he | 
found the boiler in good repair, with the 
exception of a few rivets over the fire, 
which were leaking. How should it be 
otherwise than in good repair, for during 
the past two years he had frequently mend- 
ed it over the part where the fire was 
placed? He had never any idea that the 
boiler was rendered unsafe in consequence 
of these frequent repairs; and their in- 


structions always were to do all repairs re- 


quired. This man had no notion that the 
patching, in the manner in which it had 
been performed in this case, was the chief 
immediate cause of mischief. Mr. Marten, 
however, testifies—as every other compe- 
tent engineer would have testified under 
similar circumstances—that “the rivets, 
which were put into the boiler in the very 
line of the seam where they gave way, had 
proved the great point of weakness. Im- 
mediately that the fire was put under, and 
the steam got up, the openings extended 
from rivet hole to rivet hole, and the boiler 
exploded.” 

Avery practical view suggested itself to 
one of the jurors. If the putting of patch 
upon patch had reduced the strength of 
the boiler till it had become completely 
untrustworthy, although it might not leak, 
“some one ought to know whether it was 
worn out.” Mr. Marten responded that 
“the experience of engineers, who saw so 
many cases of this kind, was that, though 
boilers in such a condition as the one in 
question might last for many years, some- 
times they burst at once after being repair- 
ed. The question was, whether those who 
saw a boiler thought it was safe or not.” 


{ 





until his son pointed out that defect. 


| condition.” 


| have condemned it.” 
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One of the manager of the works, it tran- 
spired, who had been there 8 years, had 
never had any reason to believe it was 
unsafe; the boiler maker believed it safe; 


_and the engine-tender, who had charge of 
‘the 6 boilers at the works, believed the 


same—indeed, did not see that it leaked 
At 
the testimony of these workpeople no 


reader of “The Engineer” will be surpri- 
‘sed. But the evidence of the secretary of 
the company was that all the boilers used 


by the company were insured with the Man- 
chester Boiler Insurance and Steam Power 


| Company, whose agents were accustomed 
to visit the works once in 6 months. On 


the 6th of October an external examination 
was made on behalf of the Manchester 
Company. “From that inspection he was 
led to believe that the boilers were in good 
In May last the agent of the 
Boiler Company made an internal inspec- 
tion, and suggested certain repairs, which 


| it was not disputed were carried out. The 
| secretary added, in reply to the coroner, 


that in May nothing was said as to the 
boiler being unfit for use, “or they should 
Yet, to replace this 
very exploded boiler, and also “any other 
which most required to be replaced,” 
orders had been given for two new boilers, 
One of these Mr. Marten speaks of above. 
Even a Black Country juryman, when this 
last fact came out, wanted to know why, if 
the boiler was safe, it was to be replaced ? 
The reply he obtained was, that “boilers, 
when they got to a certain point, might 
be considered safe, and yet want repla- 
cing.” 

The moral of all this must be tolerably 
patent to the reader. (1) When boilers 
need repairs, those repairs should be put 
into the hands of boiler-making firms who 
have a reputation to sustain. (2) The 
surest way to ascertain the true condition 
of a boiler is to examine it at frequent 
intervals in every part, both inside and 
outside. (3) When, as in this case, such 


intimation has been conveyed to pro- 


prietors—whether by boiler insurance 
agents or others—that the time has 
come when a boiler should be replaced, 
it is the truest economy to lay it off at 
once. (4) It cannot be. too strongly 
urged upon users of steam power that 
it is far safer and cheaper to renew a 
boiler than to resort to continual, expen- 
sive, and unsatisfactory patching. 
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RAILWAYS’ IN RUSSIA. 


From “ The Engineer.’’ 


The following is a translation of an ar- 
ticle on the construction of railways in 
Russia, from the “Russian Railway Ga- 
zette :” 

Railway construction is a business which 
may be said to be novel, not only in our 
own country, but in Western Europe, 
where it originated. This particular kind 
of communication, entirely differing from 
all methods of locomotion that had 
hitherto preceded it, owing to the ardor 
with which it was prosecuted at the first 
onset, we admit must necessarily have 
been liable to all kinds of errors and per- 
plexities at the beginning, owing, more 
particularly, to the circumscribed nature 
of the human intellect in not being able 
to conceive at once an object in all its 
bearings. Having found out the means 
of conveying passengers and guards ex- 
peditiously, punctually, and cheaply, from 
one point to another, all promoters of 
railway schemes seem to have considered 
their duties and obligations finally accom- 
plished, and in laying down rails between 
the towns, have left the rest to the per- 
sonal means and the desire of private in- 
dividuals, in no way caring, not only for 
the convenience of passengers and send- 
ers of goods, but even for that which 
forms their most essential requirements. 
Instances of this kind can easily be ad- 
duced ; it will be sufficient to point out 
this alone, and in the northern countries 
the warming of the railway carriages has 
not been introduced, and ventilation neg- 
lected, so that passengers particularly on 
long distances, are subject to all the evils 
connected with severe winters and vitia- 
ted atmospheres. But all these are still 
minor defects, offered by our railroads, in 
comparison with those which we shall en- 
deavor to point out in the present article. 
We will not allude to sleeping cars, which 
are looked upon by many as an unpardon- 
able luxury and indulgence.* Railways 
having effected a more accelerated and 
cheaper communication between the towns, 
have naturally conferred a greater boon 
upon the public; but, at the same time, the 
promoters, carried away, as it would seem, 





* Some sleeping cars attached to the first-class carriages of 
th: Nicolai Railway, have been constructed by the railway 
contractors, Messrs. Wynam Bru thers, at Alexandroffsky, near 
St. Petersburg, oa the American princip‘e, 





by the supposed magnitude of these ben- 
etits, have studied only too superficially, 
other circumstances, which they haye 
deemed details beneath their notice. Hay- 
ing deprived the public of their former 
mode of travelling on common roads, the 
constructors of railways should have well 
studied the nature of all the salient points 
connected with this substitute for the for- 
mer mode of locomotion, which latter, cer- 
tainly, notwithstanding its slowness and 
dearness, had its good points. These good 
points consisted in this, that the driver of 
a vehicle conveyed the passenger from 
the place of starting to the place of desti- 
nation; the same was done by the carrier 
of goods; whereas, with our railways, all 
this takes place very often between the 
towns, and the passengers and goods are 
landed in the open country, miles and 
miles away from their destination. Sec- 
ondly, in this, that the passengers enjoyed, 
comparatively, a greater amount of com- 
fort by the old method of travelling. 
Sledges were far more convenient than 
those narrow seats allotted by the con- 
structors to the public, particularly in the 
third-class carriages.f It is difficult to 
understand why the constructors of rail- 
ways have neglected these important and 
essential conditions connected with the 
very nature of the undertaking. In sup- 
port of our assertion, that the construct- 
ors of railways, in laying down rails be- 
tween the towns, have by far not fulfilled 
all their duties and obligations, may be 
taken some of the railway companies of 
Western Europe, who, after a lapse of be- 
tween thirty and forty years of the rail- 
way era, are only now beginning to amend 
the errors originally committed, by intro- 
ducing that which had been formerly neg- 
lected. At the same time it may be men- 
tioned that sleeping cars are becoming 
more and more general on American lines. 

The construction of railways in Russia 
was commenced much later than in West- 
ern Europe, and it might, therefore, nat- 
urally have been expected that the vari- 
ous errors originally committed there, in 
connection with such undertakings, would 
have been obviated in our country. Our 





+ A great portion of what we term the respectable classes, 
travel third class in Russia, particularly on the Nicolai (St. Pe- 
tersburg and Moscow) line. 
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promoters, constructors, engineers, and | situated eight miles off, in an open 
contractors, with few exceptions, have all | field. 

been abroad, and have had opportunities| Facts of this kind speak for themselves, 
of witnessing and experiencing for them- | and it is only to be wondered at that such 
selves all the imperfections still attending proceedings should be tolerated in a 
the present systems. One might, conse-| country which has any pretensions to 
quently, reasonably have hoped, that with | civilization. The Government, in grant- 
the introduction of railways into Russia, | ing concessions, could easily put a check 
the dictates of experience would have | upon this license practised by the con- 
been followed without repeating the faults | structors, and not allow the interests of 
committed by others; but, unfortunately, | whole districts and thousands of inhabi- 
just the reverse has happened. Our rail- | tants to be for ever sacrificed to the mo- 
ways are being constructed without any mentary advantages gained by the con- 


regard to an independent consideration, | structors. |The principal cause of abuses 
| of this kind consists in this: that the per- 
sons obtaining the concession, and after- 
wards the construction, and finally the 
management of the railways, seldom form 
one and the same united body, and, there- 
fore, easily escape from any responsibility 
for the injury occasioned to a district. 
The construction of a line of railway in 
Russia is usually proceeded with in the 
following manner: One or more persons, 
frequently individuals without any sub- 
stantial means of their own, but who, 
solely in virtue of interest and their con- 
nections, secure the concession, and that 
at the highest possible figure—as with us 
in Russia, for instance, 75,000 Rs. per 
verst (£13,000 per English mile), order 
abroad all the requisite machinery, ma- 
terials, and conclude all the necessary 
contracts with the different works at 
home; the verst of line costing them some 
60,000 Rs., if not less, and, thereupon, 
having shared among themselves 15,000 
or 20,000 Rs. per verst, netted in this 
manner, consider their business definitely 
terminated. On the formation of the 
management, and the handing over to it 
of the contracts, these constructors dis- 
appear altogether, interesting themselves 
very little in the future fortunes of the 
line. The contractors fulfil their engage- 
ments according to agreements, and the 
management accepts matters just as they 
stand, without, of course, having the 
power of, in any way, altering already 
‘accomplished facts. From this state of 
things it appears clearly evident that, for 
the constructors, it is an easy matter to 
erect a station at a distance, say, of five 
versts from a town, should the inhabi- 
tants have in any way incurred their dis- 
pleasure, as it is not the former who ex- 
pect to avail themselves of the railway. 
For all this will suffer the inhabitants of 


not only of local conditions, but in many 
instances of general requirement; and in 
this regard our constructors up till now 
have appeared only in the light of imita- 
tors of very bad precedents. We have 
ventured thus strongly to express our 
opinion, for the reason, that we perceive, 
tuat whatever there is useful and com- 
mendable abroad in connection with rail- 
way construction, is with difficulty adopt- 
ed in this country, and that the most 
flagrant errors are in many cases multi- 
plied, if not in cubic, then at any rate in 
square proportion. Those who have tray- 


elled on our lines may have very likely 


often remarked, that in most instances the 
stations are situated far away from the 
town, and, as a matter of course, were 
breaking their heads to find out the rea- 
sons of such a peculiar arrangement; the 
cause is, nevertheless, very simple, and is 
to be attributed to the predominance of 
the private interest of the constructors. 
Usually, when the construction of a rail- 
way is mooted near any particular town, 
the value of town property speedily rises. 
On that occasion commences immediately 
a struggle between the constructors and 
the town proprietors. The former demand 
sacrifices in their favor; the latter, finding 
this the only opportunity for an advanta- 
geous sale of their property, naturally 
hold out for high prices. Should they, 
thereupon, fail to come to terms, the con- 
structors will then, often out of spite, as 
well as for private interests, carry the 
station as far as possible from the town, 
thereby depriving the latter of most im- 
portant advantages. As a case in point 
may be cited an instance where, in conse- 
quence of differences of this kind, near 
one town had to be constructed an extra 
intermediate station—the chief station, 
with its refreshment departments, being 
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the town, the merchants forwarding their lof convenience. In that case stations 


goods, and the shareholders—all those 
most innocent of the cause of this abnor- 
mal state of things. Here lies the root of 
those causes by reason of which railways 
are so far from fulfilling their purpose and 
obligations. Were the constructors not 
merely speculators, were they connected 
with the lines by stronger bonds, they 
would then not have neglected a single 
detail in order to enable the railways to 


return the greatest possible profits and to | 


secure for the public the greatest amount 





would not appear miles away from the 
towns, the railway companies would then 
themselves take charge of goods at the 
same place of their storage, delivering 
them at their destination; then would dis- 
appear those legions of agents, or com- 
missionaries, with which both the passen- 
ger and goods traffic is beset at present; 
and the former, acting by means of an im- 
proved mode of transit, would then be 
enabled fully to replace the former car- 
riers. 





THE LOUISVILLE BRIDGE. 


From ‘‘The Iron Age.’’ 


Work on the great railroad bridge over 
the Ohio, at Louisville, is so far advanced 
that the engineers are confident of being 
able to open it for the passage of regular 
trains by the 15th inst. Construction 
trains, however, will be able to pass sey- 
eral days sooner. 

The total length of the iron superstruc- 
ture is 5,280 ft., of which two spans are 
respectively 370 and 400 ft. long. The 
middle and Indiana channels are “over 
grade” or “through;” the others, varying 
in length from 50 to 250 ft., are “under 
grade” ordeck. The under grade portion 
is of the same plan known as Fink’s Pat- 
ent Suspension Truss—a plan that has 
been well and favorably known for over 
20 years. 

The 400 ft. span now rests on its per- 
manent bearings, and is in every respect 
satisfactory tu its engineers. This, by the 
way, is the longest span ever erected in 
America, the next less being the main span 
of the Victoria Bridge, at Montreal, Can- 
ada, which is 330 ft. long, and the chan- 
nel span of the Steubenville Bridge, which 
is 320 ft. long. The plan of truss is that 
known as the “triangular,” one which has 
been extensively and successfully used by 
Mr. Fink, and has been in the present case 
especially arranged for this long span. 
The clear space above low-water line under 
this span is 96} ft., and above high-water 
line 45} ft.; the total height from the rock 
bed of the river to the top of the upper 
chord of this span is 160 ft. 

The total quantity of iron, wrought and 
cast, used in the construction of this great 
bridge, is 8,700,000 lbs.,and the amount 





of timber including rails, joists, cross-ties 
and railway, will be 640,000 ft., board meas- 
ure. 

Considering the large number of men 
employed on the structure, and the charac- 
ter of the work, few accidents have occur- 
red. In almost every case in which men 
have been killed or injured, it has resulted 
from their own carelessness. The compa- 
ny have taken particular pains to provide 
means of rescue for those who may full 
into the river,and several skiffs, with two 
men in each, are always moored below, 
ready to give aid in case of emergency. 
Very few visitors are allowd on the bridge, 
for fear of accidents to them, where so 
many men are at work. One can get a 
pretty good idea of its immensity, how- 
ever, from the city wharf, where numbers 
go every day to see it. 


A 





curtous work is going on near Ceylon, 

in the deepening of the sea channels 
between that island and India, by cutting 
away the connecting reef, so as to allow 


shipping of larger tonnage to pass. This 
has been in progress for 10 years, with a 
considerable increase of depth and of the 
number of ships. The work is executed 
by convict labor. 





tT is said that a Russian line of steamers 
from the Black Sea to Bombay, via the 
Suez Canal, is about to be established, 
with contracts already made by one house 
at Moscow to ship 4,000 bales of cotton 
per week. 
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THE HEATON STEEL PROCESS. 
MONSIEUR GRUNER’S REPORT. 
(Continued from page 97.) 
V.—TENSION TESTS OF THE STEEL. Table with a view to readier comparison. 
I have quoted in the preceding para- | I add the breaking strain calculated upon 
graphs some of the results obtained by | the area of fracture as well as the percent- 


Mr. Kirkaldy from his tension tests of the | age of carbon which I found by the Eggertz 
Moselle steel. I have united them in this | method in the tested bars. 





| 
| 
| 
i 
| 
| 


| 
| 
| 
| 
1} 
| 
{ 


| original length. | 


| 
| 


| 
| 





Breaking Load. 


Tons | Kilos. 
per jby mili- 
square | metre- 
inch. | carre. 


Proportion of 


Description and Numbers of . 
the bars. 


| Dimensions of 
the bars in 
inches. 
Area of original 
section in 
square inches. 
Breaking load 
in kilos. by 
sq. mm, of 
area of fi acture. 
the area 
original area, 
Elongation per 
cent, on the 
Percentage of || 
carbon in the || 
tilted bars. 


| 


| Of fracture to 


(Original area), 





No. 14. Cast steel ieneme! 
d version. 
of six tilted bars 0.267 | 49.5 q 0.0093 Tae fractures 
No. 15. Caststeel (Longwy), | =e — = 
third conversion. Mean . {same appearance, 
of six tilted bars 0.267 | 52.0 . -1 | 0.94 | 4.0 | 0.0055 b ts granular, 
No. 16. Caststeel (Longwy),| less fine.but more 
fourth conversion. Mean! s ey 
of six tilted bars 0.266 | 49.1 s 9} 0. | 6.0 | 0.0035 jinan the ones 


[—) 
1 
Po 





No. 17. Cast steel (Hayang-| | | stool. A charac. 
, fifth conversion. Mean) eristic of the 
om tilted bars 0.279 | 50.9 ‘ .3 | 0.95 | 3.1 | 0.0037, fracture which 


| seems to us pe 
| 


No. 18. Cast steel (Hayang- culiar to this 
jinetal is tho ap- 


es), sixth conversion. Mean, | 
of four tilted bars. 2 | 0.562 | 37.8 | 59. . . -3 | 0.0032 a ot oe 
No. 19. Cast steel (Hayang- Coma Fy = 
es), eighth conversion. - lals of the square 
Mean of four tilted bars. 0.275 | 50.3 : ‘ ; A 0.0048 of the section. 




















To appreciate the real significance of | steels of established reputation. Table F 
the figures in this Table we must compare | of Mr. Kirkaldy’s work gives us the fol- 
them with the results obtained from the | lowing results: 








(Mean). 


Character of 


"Description of the steels (4 in. 
fracture. 


to 3 in, bars). 


Breaking load in kilos, 
per square millimetre of 
the original area, 
Mean of many tests, 
Breaking load in tons 
per square inch of 
original area, 
Breaking load in kilos, 
per square millimetre of 
the area of fracture, 
Mean of many, 
Breaking load in tons per 
square inch of 

area of fracture, 
Elongation per cent, of 
original length, 





Ja) 
- 
on 
wo 


Fine Grain. 
ce 


© 
@ 

Se 
Ae 
Qo 
“1p 


Partly fibrous 
and silky 
lustre, 


~ 
— 
wo 
a 
a 
bo 


4 

1 

Krupp cast steel, rolled for 60 to 67 3 
Shortbridge homogeneous iron, ham- 

mered 59 to 66} 39 85 54 2 

A 


Jowi't spri teel, tilted 45 to 48 32 67 42 
pring steel, tilte Fibrous. 


Mersey Company puddled steel, tilted..|47 to 53] 32 77 49 























The percentages of carbon are not given, | hard steels, with a percentage of 0.006 t 
but we know by the use for which these | 0.010; the four last soft steels, or homo- 
steels are destined that the two first are | geneous iron, containing little more than 


Vou. IL—No. 2.—9 
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0.003 to 0.005 of carbon. By this we 
see that the Longwy steels produced 
from pigs containing but little silicon 
would be soft steels of fair tenacity 
but small elongation, especially so as 
to samples Nos 15 and 16, obtained 
with a small charge of nitrate. The 
Hayanges steels show less tenacity and 





insufficient elongation. They are “short,” 


though they contain a very small per- 


centage of carbon, a defect which results 
from the presence of phosphorus not re- 
moved by the nitrate. Let us also com- 
pare the Moselle steels with the Swedish 
and Austrian steel. According to Mr. 
Kirkaldy’s tests, the following are the re- 
= obtained by the Fagersta Bessemer 
steels: 








Breaking Load, | Breaking Load. 





In tons per lin kilos, per sq. 
square inch. | millim. 


In tons por 


square inch, millim, 


In kilos. per sq. 


Comparison of the |Elongation per cent, 
area of fracture with on the 
the original area, original length. 


Percentage of 
carbon. 





Of original fracture. Of area of fracture. 





59 to 69 
54 to 65 
58 to 65 
85 to 
53 to 58 


93 to 109 
86 to 102 
90 to 103 | 
133 to 134 | 

| 


| 
| 


106 to 119 





89 to 103 
71 to 92 
70 to 73 
48 to 49 
42 to 44 














The Neuberg steels that have been 
tested at Vienna have yielded the re- 


sults which are indicated in the following 
Table: 








Breaking Load, 





Elongation per 
cent. of the 
original length, 


ie tT 


Kilos. per sq. 
inch, mm, 





Original area, 


Percentage of 
car 


=. Observations. 








57 to 63 
46 to 57 
36 to 46 
31 to 36 
35 to 31 


89 to 105 
73 to 89 
56.5 to 73 
48 to 56.5 
40 to 48 


5 per 100 
5 to 10 
10 to 20 
20 to 25 
25 to 30 





0.0088 to 0112 
0.0062 to 0088 
0.0038 to 0062 
0.0015 to 0038 
0.0005 to 0015 








Brittle when too highly tempered. 
Tempers well. 
Ditto. 
Hardens very little. 
Does not harden at all. 





In comparing these Tables we at once 
see the perfect agreement of the results 
obtained in the two countries. On the 
one hand, the elongation increases in pro- 
portion to the diminution of carbon in the 
steel; and, on the other hand, the break- 
ing loads, as compared with the original 
area, decreasé with the percentage of car- 
bon, but, as compared with the area of 
fracture, vary very little. If, now, we 
compare these figures with those which 
we obtain in the case of the Moselle steels, 
we shall see that the elongation of the 
Swedish and Austrian steels, with 0.0045 
to 0.0060 of carbon, is from 9 to 10 per 
100; while in the case of the Moselle steels 
(Nos. 15 and 19) it only runs from 3 to 4. 





per 100. The breaking load, compared 
with the original area, is 51 to 52 tons in 
the case of these two Moselle samples, 
while in the case of the Swedish and Neu- 
berg steels the maximum is 46 tons per 
sq.in. The strength is increased by the 
silicon and phosphorus; but the inferior- 
ity of the Moselle steel appears again when 
we compare the breaking loads calculated 
per sq. in. of the area of fracture. In the 
Swedish steel the breaking loads exceed 
57 tons, and often 64 tons, while the No. 
15 Longwy sample only reaches 54 tons 
(87 kilos.), and the Hayanges (No. 19) 
only 84 kilos. 

Finally, when we compare the steels con- 
taining a low percentage of carbon—viz., 
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from 0.0032 to 0.0037—we see that the 
elongation of the Swedish and Austrian 
samples reaches 12 and even 20 per cent. 
The Hayanges steel only reaches 3 per 
100. The Longwy steels, more highly 
purified, are more ductile. The No. 14, 
produced with the maximum charge of 
nitrate, elongated 12.5 per cent. As to 
the breaking loads, calculated with refer- 
ence to the original area, the Moselle 
samples generally give the best results, 
viz., 37 to 50 tons, instead of 30 to 36 tons; 
but calculated upon the area of fracture, 
the No. 14 only can compare with the 
Swedish steels. That gives 70 tons (109.7 
kilos.), as against 105 to 134 kilos., while 
the steels Nos. 16 and 17, being less pure, 
only go to 84 and 85 kilos., and No. 18 
only to 61 kilos. (38 tons). In a word, 
we may conclude from the foregoing anal- 
ysis that the Heaton process does not 
readily produce hard steel of good body 
from phosphoric pigs, but that it will pro- 
duce soft steel and homogeneous iron, 
which differ only from the common Besse- 
mer steels by a somewhat greater stiffness 
and by a diminished tendency to elongation 
under heavy loads. It remains for us to 
show to what extent this defect is due to 
phosphorus, and to what extent it is pos- 
sible to purify the metal by the Heaton 
process. 

I will only remark, before I have done 
with the question of the quality of the steels, 
that, to be quite sure of the conclusion, we 
shall have to investigate their dynamic re- 
sistance as in the case of malleable iron. 
We shall only arrive at the relative value 
of the different steels by determining ac- 
curately the effect produced on the bars 
by loads which do not strain them beyond 
the limits of their elasticity. 


VI.—CHEMICAL EXAMINATION OF THE PRODUCTS 
OF THE NITRATE REFINING PROCESS. 


I have already given the analysis of the 


Moselle pigs. Now for the analysis of the 
crude nitrate used at Langley Mill. It 
was of consequence to determine the per- 
centage of sulphur and phosphorus in the 
reagent used. The salt is yellow, in crys- 
talline lumps. It was kept in a damp 
cellar at the works. Nitrate of soda, 
90.89; chloride of sodium, 2.73 (contain- 
ing chlorine 1.64); sulphate of lime, 0.22 
(containing SO? 0.12); sand, 0.28; water, 
5.88; phosphoric acid, traces; total 100.00. 
Pure nitrate contains 36.61 per 100 of 





soda; consequently, the crude salt contains 
33.27 per 100, or, if we add the soda in 
the chloride, 34.7 per 100. 
The products of the Heaton refining 
process are crude steel and slags. The 
refined metal is itself converted partly into 
malleable iron and partly into steel. Let 
us examine each of these four products. 
Refined metal: The refined metal is a spon- 
gy mass, granular or crystalline, a kind of 
vesicular fine metal, the different parts of 
which are unequally purified. This lack 
of homogeneity is perceptible to the naked 
eye. The grain varies in size. I havea 
small sample of the second conversion, 
the large-grained portions of which, ana- 
lyzed by the Eggertz method, give 0.0024 
of carbon; the fine-grained, 0.0125, and a 
mixture of the two, 0.0045. The analyses 
I am about to give show also the some- 
what unequal distribution of the silicon 
and phosphorus. At the moment when 
the converter bottom is upset on the floor 
of the works, we see that some portions of 
the solidified mass, being still fluid, disen- 
gage themselves and run off. These more 
fusible portions always contain more sili- 
con and phosphorus than the solidified 
mass, and they are recognized in the 
laboratory by their greater resistance to 
nitric acid. To arrive at an accurate idea 
of the purification of the product it will 
not do to confine ourselves to an isolated 
examination of a sample of the refined 
metal. Itis better to. analyze the steel 
ingots produced by remelting in the cru- 
cible. There is another circumstance, too, 
which tends to falsify the results of this 
analysis. The vesicular metal always con- 
tains, intimately incrusted with it, or in 
the shape of a thin film in the interior of 
the bubbles (blisters), scoriacious matter 
(particles of slag), the existence of which 
is proved by analysis, but which cannot 
be thoroughly separated from the metal 
itself. And now let us give the results of 
some of the analyses of the refined metal, 
and see what deductions we may draw 
from them. But let me further remark 
that, in order to obtain results better ad- 
mitting of comparison, I have preferred 
to analyze the cakes, that is, the refined 
metal rapidly reheated and shingled in 
the way I have described, rather than the 
spongy mass as it comes from the convert- 
er. This, I repeat, is always wanting in 
homogeneity, and more or less intermin- 
gled with slag. The cakes, it is true, are 
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not perfect in either respect, but they are 
certainly more uniform in texture. The 
cakes were analyzed, like the pigs, by dis- 
solving five or ten grammes in nitric acid, 
evaporating to dryness, calcining the pro- 
duct to render the silica insoluble, taking 
up the oxides by hydrochloric acid, precip- 
itating the iron in the state of sulphide, 
and determining the phosphorus in the 
condition of phosphate of magnesia. This 
phospate, be it said, was dissolved and 
reprecipitated to make sure of its purity; 
and the soluble silica, which is always to 
some extent taken up by the sulphide of 
iron and the phosphate of magnesia, was 
accurately determined. The sulphur was 
tested separately, either by the common 
method or by the Eggertz method; then 
the carbon was determined by the Eg- 
gertz method. I did not determine 


the other ingredients, unless perhaps 
the sodium in one of the samples; and, 
besides, I ascertained the presence of 
very decided traces of vanadium in 
the pigs. It is perceptible even in the 
steels, though the greater part of it 
passes into the slag in the form of 
vanadate of soda. We analyzed four cakes; 
they were the products of the first conver- 
sions of Longwy pig and the two first of 
Hayanges pig. The Longwy cakes were 
flattened cold under the hammer, and dis- 
solved easily in nitric acid; the Hayanges 
cakes are harder and finer-grained; they 
will not hammer out cold, and will not 
dissolve in nitric acid unless heat be ap- 
plied. There are indications of a less 
perfect purification, which, in fact, are 
confirmed by the analyses. Here are the 
figures :— 








Conversion 


Ingredients tested. No. 2. 


Conversion 
No. 1. 


Conversion | Conversion 
No. 3. No. 6. 





0.0020 
0.0016 
0.0064 
0.0019 
0.0120 


0.0006 
0.0014 
0.0059 


0.0125 


Undissolved slag 
Silicon 
Phosphorus 
Sulphur 








0.0025 | 0.0078 


All the silica figures here as 
silicon, though part of it 
must have been due to the 
slag intermixed with the 
metal. 


0.0053 
0.0092 
0.0001 
0.0121 


0.0045 
0.0078 


0.0152 











We will begin by observing that the 
figures placed opposite the undissolved 
slag do not represent the whole amount 
of slag intermixed with the metal. 

The slag is decomposed for the analysis 
by acids. These separate from it a basic 
portion which is dissolved, while the resi- 
due is an acid silicate which we isolate 
from the true silica by removing the 
latter in an aqueous solution of caustic 
potash. The quantity dissolved by the 
acids is in proportion to the basic char- 
acter of the slag itself. Now, in this re- 
spect there is a great difference, as we 
shall presently see, between the slags re- 
sulting from conversions Nos. 1 and 2 and 
those of conversions Nos. 5 and 6. These 
last contain more than 50 per cent. of 
silica—the former about 30 per cent. 
These consequently leave a smaller residue, 
and as they contain 15 to 16 per cent. of 
phosphoric acid, while the slags of con- 
versions Nos. 5 and 6 do not contain 2 
per cent., it follows that an appreciable 
quantity of the ee tera given in the 
- analysis of the refined metal of Nos. land 
2 must come from the adherent slags. One 





per cent. of true slag mingled with the 
metal would suffice to contribute 0.0016 
of phosphoric acid, or 0.0007 of phos- 
phorus to the analysis of the cakes. 
Thence it follows that in the refined 
metal, the produce of conversions Nos. 1 
and 2, the proportions of phosphorus 
should be really about 0.0055 or 0.0050, 
instead of 0.0064 or 0.0059. 

This being the case, we see, on com- 
paring these analyses with the analyses of 
the pigs, that the gray silicious pigs are 
far less purified than the white pigs—that 
the silicon oxidizes before the phosphorus, 
and that the carbon oxidizes last. But 
unfortunately we see that, even in the 
most favorable case, the dephosphoriza- 
tion is far from complete. The purified 
product still retains 0.005 of phosphorus 
when we deal with pigs which contain 
0.014 to 0.015. However, this conclusion 
must not be taken as absolute. The put'- 
fication depends on the percentage of ni- 
trate used; besides, we must remember 
that, the refined metal not being homo- 
geneous, we must consult the analysis of 
the steel ingots to ascertain the true de- 
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phosphorization. We find a proof of the 
lack of homogeneity in the fact that the 
metal No. 1 retains more phosphorus than 
No. 2, while the reverse ought to be the 
case according to the charges of nitrate 
used in the conversions. In any event, if 
we refer to the observations made at 
Konigshutte on the refining of phosphoric 
pigs by the Bessemer process, we must not 
be astonished if cast-steel with as much 
as 0.005 of phosphorus should work al- 
most as well when hot as pure steel. Dr. 
Miller, of King’s College, found 0.0014 of 
sodium in the refined metal—in fact, I 
believe it always contains some. The 
soda, in percolating the molten metal, is, 
like the nitric acid, partially deoxidized 
by the carbon and the iron, but it is im- 
possible to determine the sodium ac- 
curately on account of the presence of 
slag in the iron. I did indeed try—by 
treating the crude steel with hot water— 
to dissolve the soda belonging to the slag, 
but the slag only yields a portion of its 
alkali to the water, so that when we sub- 
sequently endeavor to determine the 
sodium in the washed metal, we cannot 





Elements determined. 


tell whether or notit comes from the crude 
steel or the associated slag. However 
that may be, the refined metal of the third 
conversion gave me 0.0006 of sodium, after 
having been, as far as possible, deprived 
of the adherent slag—by washing in boil- 
ing water—at the risk, it is true, of also 
| dissolving a portion of the true sodium. 
| In any event, the alkaline metal ought to 
be rather beneficial to the final product. 
In the final melting for cast-steel it ought 
to act again upon the phosphorus and 


sulphur. 








Slags.—The second product of the 
Heaton process is the akaline scoria re- 
sulting from the action of the nitrate of 
soda. I restricted myself to a complete 
analysis of two samples—the slag of the 
first and fifth conversions. ButI satisfied 
myself that the slags of the first four con- 
versions are nearly identical, as also those 
of the four last conversions. We have 
already seen that they are of two very 
distinct types—due to the different pro- 
portions of silicon in the pigs. These are 
the results: 





Slag of the fifth | Slag of the eighth 


Slag of the first | 
conversion, conversion. conversion, 
Longwy white pig.| Hayanges gray pig | partially analyzed, 





Silica 
Phosphoric acid 
Sulphuric acid 
Sulphur 


Piotoxide of iron 
Protoxide of manganese 
Oxide of vanadium 


Sulphur, chlorine, vanadium, magnesium, etc., by dif- 


0.540 














The slags resulting from the two 
varieties of pig contain the same elements 
and nearly the same proportion of soda, 
but the opaque dull slags of the Longwy 
white pig are rich in phosphoric acid, 
while the vitreous slags of the Hayanges 
gray pigs are silicious, so that the charac- 
ter of the slags tends to support the 
conclusions already arrived at as to the 
more imperfect purification of the silicious 
pigs. The proportion of oxide of iron is 


also less in the silicious slags of the Hay- 
anges pig than in those of the Longwy 
pig ; but in both cases the percentage of 
iron is small, and the waste altogether 
minimum. In the conversions of the 
Longwy pig the weight of the slag is, in 
‘fact, as we shall see, about 60 kilos. 
(132 Ibs.), that is to say, less than 9 per 
cent. of the weight of the pig metal refined. 
Now the 0.144 of protoxide of iron corre- 
sponds to 0.112 of metallic iron, of which 
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the 9 per cent. make 0.0101 ; which proves 
that the nitrate has not oxidized more 
than 1 per cent. of the pig treated. On 
the other hand, in treating the Hayanges 
pigs the maximum weight of the slags is 
85 kilos. (187 Ibs.), say 12 per cent. of the 
weight of the pig, and as the scoria con- 
tains only 0.08 of protoxide of iron, or 
0.062 of metallic iron, the pig has only 
parted with 0.062 of the 12 per cent. to 
the slag—say, 0.0086 of metallic iron— 
that is, less than 1 percent. We see, then, 
that in this process the waste of iron is 
almost nil, and that the waste is solely 
due to the oxidizing of foreign matters. 
This confirms the figures of 6 per cent. 
above given, as the mean of the results 
obtained from the Hayanges pig conver- 
sions. 

The slags contain metallic shot or 
globules ; these were carefully separated 
by means ofa magnet before analysis. 
The slag of the first conversion yielded 
8.3 per cent. of shot, those of the fifth and 
eighth conversions between 5 and 6 per 
cent.; but these figures are variable, de- 
pending on the choice of samples ; and in 
general, as we shall see, the percentage 
of shot is higher. The pigs of Longwy 
and Hayanges, as we have already said, 
yield very different slags. Water and 
acids do not dissolve them in the same 
way. 

Water easily decomposes the slag of the 
Longwy pig. The résult is a green solu- 
tion, which turns yellow after parting 
with a slight black deposit. The liquor 
contains a sulphide of sodium, which 
blackens silver, and it is this compound 
which first of all retains a little sulphide 
of iron and keeps in solution the sulphide 
of vanadium. Water, however, only re- 
moves a portion of the soda. It trans- 
forms the silico-phosphate into a basic 
compound soluble in water, chiefly formed 
of phosphate of soda, and into an insoluble 
residue retaining the greater part of the 
silica, about one-third of the phosphoric 
acid, and all the non-alkaline bases. The 
vanadium also is partly retained by the 
insoluble silicate. 

When we moisten the slag and leave it 
exposed to the air, it partially decomposes. 
The silicate of soda is transformed to 
carbonate. In treating the slag of the 
first conversion with water, 0.386 of it is 
dissolved, and we find in the solution 8 to 
9 per cent. of silica, 25 per cent. of 





phosphoric acid, and 62 per cent. of soda, 
while the insoluble residue is composed of 
50 per cent. of silica, 9 to 10 per cent. of 
phosphoric acid, 10 to 11 per cent of soda, 
and about 30 per cent. of oxides of iron, 
manganese, etc. If we compare these 
figures with those of the analyses, we see 
that water removes about five-sixths of 
the soda, one-tenth of the silica, and two- 
thirds of the phosphoric acid. 
Hydrochloric acid completely dissolves 
the Longwy slag. Sulphuretted hydrogen 
is liberated. On evaporating to dryness 
and redissolving in acid there is generally 
a residue of pure silica, but if it is over- 
heated, and the acid employed is not very 
concentrated, it may also happen that the 
silica will retain various phosphates which 
the acids will not take up. The vanadium 
is chiefly concentrated in the alkaline 
solution, but is also partially taken up 
by the phospate of magnesia. The blue 
tint of the salts and the red coloring of 
the ammoniacal sulphate of vanadium 
leave no doubt upon this point. I have 


besides proved the absence of chrome, 
and verified the formation of vanadic 
acid by treatment with nitre. 


Water also dissolves the Hayanges slags. 
When hot the liquor is colored brown (viz., 
sulpho-vanadate of soda), but the solu- 
tion is chiefly composed of silicate of soda 
with an excess of base. The slag No. 5 
yields 0.39 of its weight to water; the slag 
of No. 8, 0.34. In both cases the insolu- 
ble residue softens at a low red heat. The 
aqueous solution contains two-thirds of 
the soda, half the phosphoric acid, and 
nearly one-third of the silicic acid. Neither 
hydrochloric acid nor sulphuric acid en- 
tirely dissolves the Hayanges slag. It is 
too silicious for that. The residue is a 
silico-phosphate with an excess of acid, 
forming from 0.25 to 0.30 of the original 
slag. To determine the silica we treated the 
substance with a mixture of carbonate of 
soda and nitre; we so obtained silica 
tinted somewhat yellow by the vanadic 
acid. To determine the soda we used 
hydrochloric and sulphuric acid. 

In all the slags, but especially in that of 
the Hayanges pigs, the sulphur is a little 
oxidized. It is generally found in them 
combined with sodium, so that, in spite 
of the presence of nitric acid, the soda 
equally gives up a part of its oxygen to 
the oxidizable elements of the pig. 

Now let us try, by the aid of these an- 
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alyses which I have given, to determine 
the degree of refinement at which it is 
possible to arrive by the Heaton pro- 
cess. To this end, let us first calculate 
the quality of oxygen which the nitrate 
ean supply. Assume that the nitric acid 
be simply reduced to the condition of 


dentoxide of nitrogen, but that the water | 


oxygen, equal to 93.4 lbs.; and for the 
5.88 kilos. of water, 5.2 of oxygen, equal to 
11.44 lbs. Total 47.7 kilos., equal to 196 
Ibs. Let us compare with these figures the 
quantity of oxygen which would be requis- 
ite for the complete oxidization of all the 
foreign elements in the Moselle pig. We 
will take first of all the Longwy pig of the 


in the nitrate be entirely decomposed, 100 | first conversion. The weight converted 


kils. (220 Ibs.) of Peruvian nitrate would 
liberate—for the 90.89 kilos. of pure ni- 
trate, 25.5 kilos. of oxygen, equal to 554 
lbs.; and for the 5.88 kilos. of water, 5.2 
kilos. of oxygen, equal to 11.4 Ibs. If, on 
the contrary, the nitric acid were com- 
pletely decomposed, we should have—for 
the 90.89 kilos. of nitrate, 42.5 kilos. of 


kilos. Ibs. 
For the 0.9 p. c. say 6.48= 14 silicon 
“ 1.42 “ 10,22 = 22.48 phosphorus 
2.40 = 5.28 sulphur 


“ “ee 


oo 1.5 “ 


Now, for the first conversion there were 


was 720 kilos., equal to 15.84 lbs., irre- 
spective of the two iron bars. Assuming, 
| according to the foregoing analysis, 0.9 
| per cent. of silicon, 1.42 per cent. of phos- 
| phorus, } per cent. of sulphur, and 3 per 
cent. of carbon, of which about the half 
had to be expelled, there would be re- 
quired to oxidize these elements : 





kilos. Ths. 

7.02 = 15.444 oxygen. 
13.01 = 28.6 oe 
2.40 = 5.28 “ 


10.80 = 23.76 carbon transformed into carbonic oxide. 14.40 = 31.68 “ 


36.83 — 81.004 


| trogen. It is not, therefore, to be won- 


used 68 kilos. (149 lbs.) of nitrate, which | dered at that the refined metal should 
would yield on the first hypothesis, 20.88 | still retain some phosphorus and silicon, 
kilos (45.9 Ibs.) of oxygen, and on the se-| and that a very small quantity of iron 


cond 32.44 kilos. (71.3 lbs.) of oxygen.| should have been oxidized. One can 
We see, then, that on the most favorable | understand, too, that the soda itself may 
theory the proportion of oxygen yielded by | be partially reduced under these cireum- 
the nitrate was insufficient to oxidize all stances. 

the impurities. A fortiori, it must have; Let us calculate by the analysis of the 
been so in practice, since, putting aside | cakes of the first conversion how much 
the iron, we have to take into account | oxygen would be requisite to complete 
the oxygen taken up by the manganese, | the refining of the converted metal. The 
the vanadium, the earthy metals, ete., con- weight of this product, reckoning the 
tained in the pigs; and, on the other | splashes of metal, was, in this conversion, 
hand, the nitrous gas, which we see evolv- | 1470 lbs. (669 kilos.); or, rather, if we 
ed during the conversion, proves that at add the weight of metallic shot found in 
least a portion of the nitric acid is simply the slag, 671 kilos. (1476 Ibs.), this will 
reduced to the state of dentoxide of ni-' give us: 


kilos. Ibs. _ kilos. Ibs. 
1.16 = 2.552 oxygen. 


“ 


For the 0.0016 of silicon, say 
** 0.0064 of phosphorus, say 
** 0.0009 of sulphur, say 


Now this is a minimum, since the cakes, 
owing to the oxidizing reheating, are 
purer than the spongy metal as it comes 
out of the converter. Deducting the 15.8 
lbs. from the 81 lbs., we see that to arrive 
at the result obtained, the nitrate should 
have furnished 65 lbs. of oxygen, say 44 
per cent. Consequently, the greater part 
of the nitric acid must have been con- 


verted to nitrogen, or to protoxide of ni- 
trogen. We see, too, that to obtain the 
indispensable proportions of oxygen, the 
charge of nitrate should have been in- 
creased by at least 15 kilos. (33 lbs.) But 
even then, the purification would not have 
been complete, since some portion of the 
oxygen in question would have reacted on 
the iron and the carbon. If, then, the 
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bar iron, prepared from the refined metal 
of the first conversion, shows the charac- 
teristics of burnt iron, we must attribute 
it to the reheatings, and not to an excess 
of nitrate in the converter. The analyses, 
in fact, as we]l as the remeltings for steel, 
prove that the cakes resulting from the 
first conversion were sufficiently carbu- 
rized. But, had they not been so, I should 
not, on this account, fear an excess of ni- 
trate. It would be always easy to restore 
the proper percentage of carbon to the 
refined metal. It would suffice to add at 
the remelting for steel a sufficiently large 
percentage of pure spiegeleisen, as is done 
in the Bessemer and Martin processes. 

There would, however, be two objec- 
tions to the use of an excess of nitrate. 
In spite of the extra heat which would 
be evolved, we might fear that the metal 
would not remain fluid to the last, and 
that it might in consequence lose its ho- 
mogeneity; and then there would be the 
extra cost; instead of 68 kilos. (150 lbs.) 
of nitrate, 83 or 85 kilos. (182 lbs. or 187 
lbs.) would be required, say 114 or 12 per 
cent. instead of 9} per cent. 

The refined product is not homogene- 
ous, and would no doubt be even less 
so if the decarburization were more ad- 
vanced. But this seems to me to be a 
matter of small consequence, since, in any 
event, the refined product has to be re- 
melted in the reverberatory furnace. It 
is perfectly evident that the most econom- 
ical method would be to run the refined 
metal straight from the converter into the 
reverberatory furnace, which appears to 
me to be easy to manage. As to the cost 
of these heavy charges of nitrate, we can- 
not pretend to ignore the fact that it will 
be large, especially at the present price of 
nitrate. But on this head I propose pres- 
ently to suggest a modification of the 
process which would allow of the charge 
of nitrate being very considerably re- 
duced. 

Let us go into the same calculations with 
regard to the Hayanges gray pig. Accord- 
ing to the analyses I have given, the remelt- 
ed Hayanges pig contains 3 per cent. of sili- 
con, 1.27 per cent. of phosphorus, 0.1 per 
cent. of sulphur, and 3 per cent. of carbon. 
If we propose, as above, to remove only half 
the carbon, we should require to oxidize 
these elements in a charge of 705.7 kilos. 
(13 ewt. 95 Ibs.) of pig, which was the weight 
of the three last conversions—the following 





quantities of oxygen—for 3 per cent., or 
45 lbs. of silicon, 50 lbs. of oxygen; for 
1.275 per cent., 20 lbs. of phosphorus, 25 
Ibs. of oxygen; for 0.10 per cent. or 16 
Ibs. of sulphur, . Ibs. of oxygen; for 1.50 
per cent. or 23 lbs. of carbon, 31 Ibs. of 
oxygen; total, 108 lbs. of oxygen. Assu- 
ming that the nitric acid gave up all its 
oxygen, these 108 lbs. would have re- 
quired 226.6 lbs. of nitrate; now the max- 
imum used was 199lbs. The purification, 
then, could not be complete, and all the 
less so that the nitric acid is not entirely 
decomposed, and that the iron, the man- 
ganese, and the other elements absorbed 
at least 11 lbs. of oxygen, or 24 lbs. of ni- 
trate, according to the proportion of me- 
tallic oxides in the slags. A fortiori, then, 
we need not be astonished if the metal 
produced by the fifth and sixth conver- 
sions still contains a notable percentage 
of phosphorus and silicon, since only 147 
lbs. of nitrate were used in the fifth, and 
but 169 lbs. in the sixth conversion. 

Let us calculate how much oxygen 
would have been required to finish the 
refining in the fifth conversion. 

The refined metal weighed 647 kilos. 
(1,423 Ibs.); or if we add the 5.2 per 100 
of shot in the 114 kilos. (250 Ibs.) of slags, 
653 kilos. (1,436 Ibs.). Now, taking the 
analysis of the cakes which we have given 
above, the 653 kilos. (1,436 Ibs.) contain 
0.0053, or 3.46 kilos., equal to 7 lbs. of sili- 
con, which would have required 3.75 lbs. 
equal to 8.250 lbs. oxygen; 0.0092, or 6.01 
kilos., equal to 13 lbs. of phosphorus, 
which would have required 7.69 kilos., 
equal to 16.9 lbs. oxygen; 0.0001, or 0.06 
kilos., equal to 0.13 Ibs. of sulphur, which 
would have required 0.06 kilos., equal to 
0.13 lbs. oxygen; total, 11.50 kilos., equal 
to 25.3 Ibs. of oxygen. : 

And these 11.50 kilos. (25 Ibs.) are a 
minimum, seeing that the crude steel, as 
it comes from the converter, is not so pure 
as the cakes; and when we consider, too, 
that the alkaline salt is not completely de- 
composed, we see that the charge of ni- 
trate should have been augmented by at 
least 30 or 35 kilos. (66 Ibs. or 77 lbs.), 
which would bring us nearly to the same 
figure we before arrived at—103 kilos. 
(226 lIbs.)—and shows us that in any 
event, instead of 9.4 per cent. of nitrate, 
14 or 15 per cent. should have been used. 
Hence it is evident that the refining of 
silicious brands by the Heaton process 
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would be too costly, and that we must, in 
any event restrict its use to white pigs, 
the price of which, however, as we all 
know, is less than that of gray pig. 

Now let us ascertain from the analyses 
what becomes of the soda of the nitrate 
and the phosphorus of the pig in the con- 
verter. If we knew the exact weight of 
the slags, and if they were as homogeneous 
as the cakes, we could calculate from the 
analyses the quantities of phosphoric acid 
and soda carried off in the slag, and com- 
pare the result with the quantities in the 
pig and in the nitrate. We can do soap- 
proximately in the case of the Hayanges 
pigs; it is more difficult in the case of the 
Longwy pigs, the slags from which are 
scarcely homogeneous and but little fluid. 
A considerable quantity of them adhered 
to the lining of the converter, and could 
not be weighed. 

We will first of all see what we can learn 
from the slags of conversion No. 5. They 
weigh 114 kilos. (250 lbs.); or, if we de- 
duct the 5.2 of metallic shot, 108 kilos. 
(237 Ibs.). But it is easy to see that this 
figure of 108 kilos. (237 lbs.) is too high, 
for the slag would contain more soda than 
the nitrate itself could have yielded. The 
same observation applies to the slag of 
the last three conversions. The mass 
weighed certainly contains more globules 
of metal than the sample chosen for analy- 
sis. We arrive at the same conclusion, too, 
by calculation. As the lining of the con- 
verter is hardly at all attacked by the ni- 
trate, we can reckon approximatively the 
weight of the slag by the amount of silica 
= would be yielded by the pig and the 
san 

We have already seen that the 706.8 
kilos. (13.91 ewt.) of pig converted in the 
fifth operation contain 3 per cent. of sili- 
con, say, 21.20 kilos. (46.6 lbs.) ; the cakes 
retain after conversion, 3.40 kilos. (7.9 
lbs.); the difference, say, 17.74 kilos. (38.4 
lbs.) represents the silicon given up to 
the slag. The corresponding weight of 
silica is 36.96 kilos. (81 lbs.); we must 
add the silica of the sand used as a dilu- 
ent, 9.36 kilos. (20 Ibs.), and the result 
is for the silica of the slag, 46.32 kilos. 
(101 Ibs. ). 

And as by the analysis the slags con- 
tain 0.54 of silica, we find the weight of 


the slags to be 
100 
101 x a” to 187 Ibs. 





This weight is probably still in excess 
of the truth, because the silicon returtied 
in the refined metal is probably rather 
greater than what is shown by analyses of 
the cakes. If, however, we admit these 
figures, we shall find that the analysis will 
give us for the quantity of soda, 0.29 
8524.65 kilos—=54 Ibs. On the other 
hand, as 100 parts of crude nitrate yield 
a maximum of 34.7 of soda, we see that 
the 67 kilos. (147 lbs.) of nitrate used in 
this conversion could only have yielded 
23.25 kilos. (51 Ibs.) of soda. These re- 
sults do not exactly agree, and that goes to 
prove what I said—that the weight of the 
slag could hardly have been more than 80 
kilos. (176 Ibs.). We may, however, de- 
duce this further conclusion, viz., that 
very little of the soda could have escaped 
the action of the silica, and that very lit- 
tle could have been volatilized, or passed 
in the shape of sodium into the refined 
metal. 

Let us apply the same calculations to 
the phosphorus. The pig converted con- 
tains 9.01 kilos. (19.8 lbs.) of phosphorus ; 
the cakes retain of it 6.01 kilos. (133 lbs.) ; 
the weight eliminated from pig is 3.00 
kilos. (6.6 lbs.), which ought to have 
yielded 6.80 kilos. of phosphoric acid. 

Now, reckoning the contents in phos- 
phorus of the slag at 0.016, the 85 kilos. 
(187 Ibs.) of slag only contain 1.360 kilos. 
(2.9 lbs.); that is to say, the one-fifth part 
of the phosphorus eliminated from the 
pig. The difference is so great that we 
must conclude that in the presence of ex- 
cess of silica the greater part of the phos- 
phorus must have been volatilized, either 
in the form of free phosphorus, phos- 
phorous acid, or phosphoric acid. 

We have not all the materials for work- 
ing out these calculations for the sixth 
and eighth conversions. We can, how- 
ever, ascertain that the weight of slag 
must have been between 80 and 100 kilos. 
—that almost the whole of the soda is 
contained in them, and that the greater 
part of the phosphorus eliminated has 
been volatilized. 

If we now repeat these calculations for 
the Longwy slags, which contain little 
silica, we shall find the results will be 
very different. Let us examine the first 
conversion. The 720 kilos. (1,584 1bs.) of 
pig converted at 0.009 of silicon contain 
6.48 kilos. (14 lbs.); the cakes at 0.0016 
retain of it 1.07 (2 lbs.); there remains of 
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silicon passed into the slag, 5.41 kilos. (12 
lbs.); which corresponds to silica, 11.27 
kilos. (24.6 lbs.); we have to add for the 
.9 of silica from the diluent sand, 8.10 
kilos. (18 Ibs.); which will give as the to- 
tal silica of the slags, 19.37 kilos. (42 Ibs. ). 
Consequently, as the slags contain 0.31 
per cent. of silica, we have as their total 
weight 


19.37 x TO) = 62 kilos. = 136 bs. 


100 
42 x = 136 lbs. 

This figure is much higher than the 25 
kilos. (55 lbs.) found by experiments ; but 
I have already observed that these basic 
slags are very pasty, and that a very con- 
siderable percentage of them adheres to 
the lining of the converter. On the other 
hand, the figure of 62 kilos. (136 lbs.) is 
perhaps rather too high, because, as I be- 
fore said, the refined metal ought to retain 
more silicon than the cakesdo. We must, 
then, consider these 62 kilos. (136 Ibs.) as 
& maximum. Consequently, as the slags 
by analysis contain 0.304 of soda, we shall 
have also for the alkaline bases, on multi- 
plying the 62 kilos. (136 Ibs.) by 0.304, a 
maximum of 18.85 kilos., or 41 Ibs. 

Now, on the other hand, the 68 kilos. 
(150 lbs.) of nitrate ought to have yielded 
the still higher figure of 23.60 kilos. (51 
lbs.) of soda, an incontestable proof that 
a notable quantity of soda, ill-retained by 
the silica, has either disappeared during 
the conversion in the form of vapor, or 
has combined with the iron in the form of 
sodium. 

As to the phosphorus, we find the re- 
sults : Phosphorus in the pig, 10.22 kilos. 
(22.4 lbs.); phosphorus retained by the 
cakes, 4.29 kilos. (9 lbs.) ; phosphorus el- 
iminated, 5.93 kilos. (13 lbs.) ; a weight 
which corresponds to 13.48 kilos. (2.96 
lbs.). of phosphoric acid. Now the 62 
kilos. (136 Ibs.) of slag, which yielded 
0.158 of phosphoric acid, contain 9.80 
kilos. (21.4 Ibs.) ; and this, too, must 
be taken as a maximum. So not more 
than two-thirds of the phosphorus elimin- 
ated are really retained by the slag. 
There is, consequently, still a loss by 
volatilization, but it is not nearly so great 
as in the case of the Hayanges pig. There 
the soda, more entangled by the silica, 
acts less energetically on the phosphoric 
acid. We have here a new proof of the 





influence of silicious slags on phosphoric 
compounds at high temperatures. 

These considerations will now permit 
us to investigate the chemical reactions 
which take place in the Heaton converter, 
and to explain the very varied phenomena 
which are exhibited. When the molten 
metal reaches the nitrate the latter is at 
once decomposed ; the nitric acid is at 
once reduced to the condition of nitrogen, 
or protoxide of nitrogen; but there is also 
formed a little oxide, which we recognize 
by the reddish vapors which escape from 
the converter. 

The oxygen of the nitre first seizes on 
the silicon, the phosphorus and the sul- 
phur hold out longer, the carbon longest 
of all. A part of the sulphur passes into 
the slag in the form of sulphuret of so- 
dium. Of the metals the manganese, and 
no doubt also the metallic earths, are toa 
great extent oxidized ; the iron is hardly 
acted on at all, so long as there is no ex- 
cess of nitrate used. Only a portion of 
the oxidized products is found in the slag. 
The carbon escapes in the form of carbon- 
ic oxide. The slag contains no trace of 
carbonate of soda; the silicon, indeed, 
transformed into silica, is completely re- 
tained in the slag by the soda and other 
bases. The phosphorus holds an interme- 
diate position between these two substan- 
ces, both as regards its distribution among 
the oxidized products and as regards its 
property of oxidization. Some portion of 
it forms phosphate of soda; some escapes in 
the form of vapors more or less oxidized. 
The relative quantities of phosphate and 
vapors depend on the degree of satura- 
tion of the soda by the silica, and proba- 
bly, also, on the temperature. If we wish 
to retain the phosphoric acid, we must 
not mix silicious sand with the nitrate. 

(TO BE CONTINUED. ) 





TTENTION is being drawn in different 

parts of the country to the alterations 
which the climate of Australia is under- 
going, in consequence of the systematic 
denudation of tree covering which the 
surface of the conntry is being subjected 
to. The Government of Victoria have 
appointed an Inspector of State Fotests, 
whose duty it will be to prevent the waste 
of timber and the reckless destruction of 
live wood, and at the same time to estab- 
lish nurseries of forest trees in various 
parts of the colony. 
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RAILWAY RESISTANCE. 


From ‘ Engineering." 


We have been lately favored with the 
details of some experiments made on the 
Southern and Western Railway, of Queens- 
land, in May last, to determine the rela- 
tive resistances to traction on the various 
gradients and curves on that line; and 
although these experiments present cer- 
tain inconsistencies which render it im- 
possible to deduce from them any precise 
rule for calculating the resistance due to 
a curve of any given radius, yet they pos- 
sess for many of our readers an interest 
far more than sufficient to entitle them to 
a record in our pages, and we therefore 
propose to give an account of them in the 
present notice. The Queensland rail- 
ways, of which we gave a description in 
our last number, are, as most of our rea- 
ders are aware, of 3 ft. Gin. gauge, and it 
is this peculiarity in the gauge which gives 
the experiments just referred to special 
interest. The experiments were made by 
Mr. J. F. L. Jetter, the locomotive super- 
intendent of the line, and they consisted 
in drawing over the latter, from Murphy’s 
Creek to Troowoomba, at a speed of 10 
miles per hour, a train of seven vehicles, 
the tractive force required at the different 
portions of the journey being carefully 
ascertained by means of a dynamometer. 
The train was made up of six empty wagons 
and a brake van, the latter containing 10 





ewt. of ballast. The weights, etc., of the 
vehicles are as follows: 


Covered goods wagon. 3 
2 


Covered goods wagon. 5 
Low sided “ 4 
“ “cc 4 
“ “ 4 


Total gross weight 32 13 0 


We gave particulars of the rolling stock 
for the Queensland lines, on pages 174 and 
196 of our second volume; but we may 
mention here that the wagons have wheels 
2 ft. in diameter, and that the wheel base 
of the four-wheeled vehicles is 7 ft. The 
six-wheeled vehicles have, we believe, a 
wheel base of 15 ft.; but they are fitted 
with Mr. John Clark’s arrangement for 
enabling the wheels to adjust themselves 
to curves, so that the long wheel base 
does not increase the frictional resist- 
ance. 

With a view of, in the first place, ascer- 
taining what we may call the normal fric- 
tional resistance of the Queensland roll- 
ing stock, at the speed of 10 miles per 
hour, we have selected from Mr. Jetter’s 
experiments, those made on the straight 
portions of the line, and embodied them 
in the annexed Table, N>. I. 


TABLE No. L., 
SHowrnc THE RESISTANCES ON THE STRAIGHT Portions oF THE LINE. 
Weight of Train, 32 tons, 13 cut. Speed, 10 miles per hour. 





Strain on 
dynamometer 


Gradient. 
in cwts. 


| ‘ 

| Total resistance | Resistance Frictional 

of train in pounds per ton | _sresistance in 

in pounds perton.| due to gravity. | pounds per ton. 
| | 








17.15 
15.29 
15.64 
18.31 
18.85 
18.65 
17.51 
14.12 
15.88 
16.94 


3.58 
18.66 
22.85 
25.74 
27.65 
33.94 
37.33 
40.72 
44.80 


61.45 
51.45 
56.60 
61.74 














Mean frictional resistance in pounds per ton =..........00eeee eee ceeceeecseees | 


16.84 





The data given by Mr. Jetter are, the | 


tractive force required, in ewts., and from 


weight of the train, the gradients, and the the first and last of these data we have 
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calculated the total resistances of the train, 
in pounds per ton, as given in the third 
column of the Table. Deducting from 
these amounts the resistance due to grav- 
ity in each case, we get the remainders 
given in the last column of the Table, 
which represent the frictional resistance 
of the train in pounds perton. These re- 
sults, it will be seen, agree very fairly 
with each other; but their mean, 16.84 lbs. 
per ton, is certainly extremely high, even 
when the small diameter of the wheels is 
considered. To some extent this high 
frictional resistance may be due to the 
train being composed of empty wagons, 


TABLE 


the friction of empty railway vehicles be- 
ing generally slightly greater per ton than 
that of the same vehicles when loaded ; 
but this cause would only account for a 
small portion of the resistance, which is 
most certainly excessive, and can only be 
caused by some defects in the construction 
or state of maintenance of the rolling 
stock. The resistance is, in fact, so high 
that we should have hesitated to accept 
the data as correct had not the coincidence 
in the results obtained on the various gra- 
dients shown conclusively the correctness 
of the dynamometric indications. 

The frictional resistance on the straight 


No. Ii., 





SHowING THE RESISTANCES ON THE CurnveED Portions oF THE LINE. 


Weight of Train, 32 tons 13 cut. Speed, 10 miles per Hour. 


| 
| 





| 
| 
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Gradient, 
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Resistance due to Curve in 
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portions of the line being ascertained, the 
increase in that resistance due to the 
various curves can be readily determined 
from Mr. Jetter’s other experiments, the 
details of which are included in the first 
four columns of Table No. I. From 
these data, we have, as before, calculated 
the total resistance of the train in pounds 
per ton (vide fifth column of the Table), 
and deducting from these amounts the re- 
sistance due to gravity in each case, we get 
the frictional resistances on the various 


TABLE 





curves as given in the seventh column of 
the Table. Deducting again from these 
last-mentioned resistances the normal 
frictional resistance on the straight por- 
tions of the line, as before determined, 
we get the remainders included in the 
last column of the Table, these represent- 
ing the increase in the normal frictional 
resistance (in pounds per ton) due to the 
various curves, of-which the radii, in 
chains, are given in the second column of 
the Table. 


No. IU, 


Ssowine tHe Increase or Frictrionan ResIsTANCE DUE TO CURVATURE. 


Gauge of Line, 3 ft. 6 in. Train consisting of seven vehicles weighing 32 tons, 13 cwt. gross. 
Speed, 10 miles per hour. 








Radius of curves in chains. 


Number of ex- 
periments 
from which 
the results are 
deduced. 


Increase in frictional resistance due to curvature, ex- 
pont in pounds per ton. Value, deduced from Tablo 


o, I. 





Minimum. 





1 
2 
2 
1 
2 
1 
1 
3 
3 
1 
2 
3 
0 








2.24 
0.71 
6.96 
4.14 
3.52 
3.18 
10.39 
0.71 
7.49 
13.84 
3.18 
5.86 
3.13 














For convenience of reference, we have 
embodied the various amounts, represent- 
ing the increase in the frictional resist- 
ance on curves, in the preceding Table 
No. IIL, and it will be noticed that they 
present some striking inconsistencies. 
It will be seen that, in the first place, 
there is a considerable variation between 
the increase in the frictional resistance 
obtained in different instances on curves 
of the same radii, the maximum being in 
several cases over five times—and in one 
instance over twelve times—the minimum 
value. Again, the increase of the fric- 
tional resistance on the sharper curves is, 
in many cases, less than that observed on 
those of larger radius; but this is probably 
due to some of the curves being so short 
that the resistance on them was not fairly 
ascertained. Indeed, Mr. Jetter expressly 
states in his report that many of the 





curves on the main line are so short that 
to obtain accurate results was a difficult 
matter, and he further says, that the re- 
sults only hold good for curves of short 
radius which do not exceed 10 chains in 
length. He states that if the curve ex- 
ceeds 10 chains in length the tractive 
force necessary at the end of the curve is 
much increased. At the end ofa 5 chain 
curve, of which the length was 18 chains, 
and gradient 1in 60, the tractive force 
required was 22 cwt., instead of 21 cwt., 
as given in the Table. Altogether, there- 
fore, as we stated at the commencement 
of the present notice, Mr. Jetter’s experi- 
ments do not afford sufficient data to 
enable us to form any definite rule for the 
increase of the resistance on curves of 
railways laid to the 3 ft. 6 in. gauge ; but 
they nevertheless possess considerable 
interest, and they may, moreover, serve 
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as a nucleus, to which some of our 
readers may be able to add the par- 


ticulars of other experiments of a similar 
kind. 





CONCRETE STONE IN INDIA. 


From ‘‘The Mechanics’ Magazine.’’ 


All who are acquainted with Bombay 
are well aware how badly it is off for 
good building stone. The materials in 
ordinary use are trap and Porebunder 
stone, the former of which gives a heavy 
ponderous appearance to the buildings, 
whilst the latter is of a very perishable 
nature. The Coorla stone is much more 
durable, but it is so hard as to be almost 
unworkable. The stone from Hemnug- 
gur answers well, but the cost of transit 
is so great as to preclude its use in all but 
very special cases. Hence the want of a 
good and cheap building material has been 
long and seriously felt in Bombay. That 
want, we are glad to find, is now supplied 
by the introduction of Mr. Ransome’s sili- 
cious stone. The value of this invention 
having become known to the Secretary of 
State, the manufacture of the Ransome 
stone was forthwith directed to be carried 
out at the Government Works in Bombay. 
An establishment was organized by Mr. 
A. Pye-Smith, a gentleman from the in- 
ventor’s works at East Greenwich, and 
is now in full work, producing stone on 
Mr. Ransome’s beautiful principle. The 
new stone appears to afford much satis- 
faction, and the prospect of a material at 
once pleasant in color, enduring in texture, 
and moderate in price, is especially cheer- 
ing where such serious drawbacks as those 
to which we have referred exist. The intro- 
duction of the stone, too, is singularly 
opportune, inasmuch asthe Government is 
just commencing a series of large buildings, 
which it was wished to make as permanent 
as possible. The Ransome stone—as our 
readers are for the most part aware—is 
produced by dissolving flints in caustic 
soda and mixing the resulting silicate of 
soda with dry silicious sand and limestone 
powder. The paste thus formed is mould- 
ed to any desired shape, and then hard- 
ened by immersion in a solution of 
chloride of calcium. A shower bath of 
cold water drives off the chloride of 
sodium, and the stone, after being dried, 
is ready for use. 

Our readers will doubtless remember, 





from our description of the Ransome’s 
Stone Works at East Greenwich, that the 
process of saturation with the solution of 
chloride of calcium is accomplished by 
hose playing on the block, as well as by 
immersion. Mr. Ransome has, however, 
improved this part of the process, and in 
connection with his son, Mr. Ernest Ran- 
some, and the well-known Mr. Bessemer, 
has recently obtained another patent, in 
which is claimed the “saturating, washing, 
and drying blocks or moulded pieces of 
artificial stone by means of a vacuum or 
pressure, or by both vacuum and pressure 
combined.” And the works have now 
been fitted up with air pumps and other 
apparatus for this purpose with the most 
satisfactory result. In the Government 
Works at Bombay, Mr. Pye-Smith has 
introduced another very ingenious ar- 
rangement for carrying out this part of 
this process, consisting of an air-tight iron 
chest, into the upper side of which a pipe 
is carried from a tank placed at a con- 
siderable height above the building. The 
chest has a movable bottom, which is 
lowered by a winch and placed on a tray- 
eller. When the plate has been loaded 
with moulded material—the pieces being 
placed over vents made in the movable 
bottom— it is placed beneath the saturator, 
which ieipanliad resembles a diving bell. 
It is then screwed up in its place and well 
packed, the cock of the down pipe is then 
opened, and the chloride of calcium ad- 
mitted under the pressure of a good head. 
It rapidly permeates the soft masses ex- 
posed to its action and converts them into 
durable stone, after which they are treat- 
ed with water in the usual way. The only 
drawback the manufacture at first ex- 
perienced was the difficulty of obtaining 
sand of the proper quality. There is no 
silicious sand in or near Bombay, but 
after several journeys, Mr. Smith found a 
supply at Kutch Mandive. The limestone 

wder is readily obtained by pounding 

orebunder stone to a sufficient degree of 
fineness. The natural materials being 
thus formed, the manufactered ingredients, 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


143 





such as the silicate of soda and chloride 
of calcium, are readily obtainable, and 
thus enable this important manufacture 
to be developed where it will prove of 
the greatest value. It supplies a want 


created by the absence of natural stone 
of the proper quality for building pur- 
poses, and bears striking testimony to 
the special merit of Mr. Ransome’s in- 
vention. 





ON THE DETERMINATION OF THE REAL AMOUNT OF EVAPO- 
RATION FROM THE SURFACE OF WATER.* 


By MR. ROGERS FIELD, B.A., AND MR. G. J. SYMONS. 


The determination of the amount of 
evaporation from a water surface would 
appear at first sight a very simple pro- 
blem; but that it is really by no means 
such, is shown by the extremely discord- 
ant results arrived at hitherto by the 
highest authority. To take two instances: 
Mr. Fletcher, M.P., F.R.S., of Tarn 
Bank, who is too well known as a careful 
observer to require that more than his 
name should be mentioned, and Mr. Proc- 
tor of Barry, whom Mr. Buchan describes 
as one of the ablest observers of the 
Scottish Meteorological Society. The re- 
turns from these two stations are gener- 
ally in the ratio of 3to1; e.g.,in 1864, 
Tarn Bank, 44.23in.; Barry, 11.09 in.; 
and in 1865, Tarn Bank, 47.86in.; and 


Barry, 28.65 in. The high values returned | 


by Mr. Fletcher do not result from any 
oversight, because a year or two since he 
concluded a note on evaporators in the 
following words: “ The mean evaporation 
is 47 in., a quantity vastly in excess of the 
amount arrived at by Mr. Howard (20 in.) 
and Dr. Miller (30 in.), but I believe it to 
be more correct than either.” 

Some difference might be expected in 
the results arrived at, in consequence of 
the difference of locality ; but such start- 
ling differences can, we believe, only be 
explained by the very faulty nature of the 
evaporators in common use. : 

Professor Daniell, in his “ Meteorolo- 
gical Essays,” refers to the ordinary evap- 
orators in the following terms : 

“The notion that these afford the abso- 
lute measure of the quantity of water 
raised into the air is absurd, for the in- 
strument can only give the amount of 
evaporation from the shallow body of 
water in the place where it has been 
fixed. The conditions which modify the 





* British Association, 





process vary almost ad infinitum; they 
vary on the land and on the water, they 
vary in the sunshine and in the shade, 
they vary as the land is more or less 
clothed with vegetation, or as the water 
is more or less deep. The evaporating 
gauge, so far from representing the cir- 
cumstances of those bodies which yield 
the great body of vapor on the earth’s 
surface, probably does not correspond in 
all essential particulars with a dozen pud- 
dles in the course of the year, and the 
pains which are often taken to make the 
results tally with those of the rain gauge, 
or to compare the two, are wholly mis- 
directed.” Similar condemnation has 
been passed by other authorities. 

Professor Daniell proposes, as a sub- 
stitute, two methods of calculating the 
amount of evaporation from observations 
of his dew point hygrometer; but he 
states that it depends on the observer's 
estimate of the force of the wind. We 
do not understand why the evaporation 
from the moistened surface of the hygrom- 
eter bulb does not proceed pari passu 
with that from a water surface ; but, as- 
suming it to be so, there is little proba- 
bility that the force at the time of obser- 
vation would be exactly the average of 
the day, or that it would be accurately 
estimated. Even Professor Daniell ad- 
mits that the amount deduced by this 
method may exceed or fall short of the 
tabulated quantity to the extent of one- 
fourth. We venture, therefore, to con- 
sider this plan so inaccurate as to be 
practically useless. 

In this interim note we do not propose 
discussing the various methods hitherto 
proposed, but not one of which has been 
generally adopted ; even the best pattern 
of evaporator, to which we shall hereafter 
refer as the ordinary evaporator, is not 
used by one observer in twenty. 
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The great objection to nearly all evapo- 
rators hitherto used has been their dimin- 
utive size, and the consequent fact that 
the pint or two of water they contain has 
become unduly heated, and therefore the 
recorded evaporation has been largely 
in excess of what it would have been had 
this artificial elevation of temperature not 
been produced. 

The only published experiments with 
evaporators of large size, of which we are 
aware, are those made some years since 
at Dijon and other places on the Bur- 
gundy Canal, recorded in the “Annales 
des Ponts et Chausées.” The evapora- 
tors used in these experiments consisted 
of square masonry tanks about 8 ft. on 
each side, and 1ft. 4in. deep. They were 
lined with zinc so as to be perfectly water- 
tight, and sunk in the ground. The 
amount of evaporation from these tanks 
was found to be less than half what was 
generally adopted by the best authorities 
as the evaporation in that district. Ex- 
periments were also made during one 
year with an evaporator 1ft. square by 
the side of the large ones, and the evapo- 
ration in this case was found to be some 
50 per cent. greater in the smaller than in 
the larger tank. 

Professor Haughton, of Trinity College, 
Dublin, has published, in the Proceedings 
of the Royal Irish Academy, some ob- 
servations on evaporation at St. Helena, 
by Major Phillips and Lieutenant Haugh- 
ton, which, though on a smaller scale, 
have an important bearing on the ques- 
tion. These experiments were made with 
two different kinds of evaporators placed 
near each other: (1) a glass cylinder 9 in. 
high and 9.85 in. in diameter, fully ex- 
posed, and (2) a similar glass cylinder, 
placed in a large tub of water so as to 
have the water inside the cylinder always 
surrounded by water nearly the same level. 
In these experiments, carried on for two 
years, the evaporation from the exposed 
cylinder was found to be nearly 50 per 
cent. greater than that from the cylinder 
surrounded by water. In both the above 
quoted instances, the small evaporators 
which gave an excessive amount of evap- 
oration were better and less liable to be- 
come unduly heated than those ordinarily 
in use, which may, therefore, be reason- 
ably assumed to give still more erroneous 
results. 

There can be no question that the most 





accurate method of arriving at the evap- 
oration from a water surface is by observa- 
tion on large tanks, as at Dijon ; but we 
cannot hope that apparatus of this kind 
will be used save in exceptional cases, and 
it therefore becomes important to devise 
some simple arrangement which should 
give approximately correct results. Our 
own experiments having only recently 
been commenced, we by no means con- 
sider that we have overcome all the difi- 
culties of the subject ; but we desire to 
place upon record a few facts which we 
hope may act as incentives to further and 
more complete researches on this very im- 
portant subject. 

One fact, which partly explains the com- 
parative neglect into which this subject 
has fallen, is the difficulty of measuring 
accurately the quantity of water abstract- 
ed, the process usually consisting in meas- 
uring the whole volume with a graduated 
glass ; and this is also probably one rea- 
son for the small capacity of many of the 
evaporators, some holding only one inch 
deep of water. 

This difficulty has been entirely obvi- 
ated in our experiments by the use of a 
small instrument called a “hook gauge,” 
designed sometime since by Mr. Field, as 
a portable instrument for purposes of 
hydraulic observations. The principle is 
borrowed from an elaborate fixed arrange- 
ment described in Francis’s “ Lowell Hy- 
draulic Experiments.” All other known 
methods of observing the height of the 
surface of still water are interfered with 
by the effects of capillary attraction, 
whereas this instrument owes its great 
precision to that phenomenon. [If the 
point of the hook is ever so slightly raised 
above the water surface, it raises a small 
cone of water with it, which is at once 
rendered visible by the distortion of the 
reflection. If, on the other hand, the 
point is depressed below the water, it car- 
ries the water down with it, and forms a 
depression, which also causes distortion 
of the reflection. It is, therefore, only 
necessary to adjust the hook so that there 
shall be no distortion, and the point will 
then be precisely level with the surface of 
the water. A vernier on the slide enables 
the depth to be read to +4, in. with unde- 
viating certainty. There is a clamped bar 
attached, by adjusting which, and resting 
it on the top of the evaporator, the zero 
thereof can be placed in any convenient 
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position, without the necessity of having 
a fixed point for the zero at the bottom of 
the vessel. 

The arrangements we have adopted are 
shown on the diagram. 

Fig. 1. represents, perhaps, one of 
the best forms of ordinary evaporators, 
many of those used even by the highest 
authorities (such as Luke Howard) being 
much more objectionable. It will be seen 
that it consists of a copper vessel con- 
taining about a quart of water exposed 
to direct and reflected heat on every side, 
and even on the bottom, so that if it were 
required to obtain the maximum tem- 
perature to which that volume of water 
could be raised by the solar beams, the 

Evaporation during part of July and August, 1869. 





Date of Reading. 


Total hrs. 
Cassellas. 
Phillips 
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Evaporation in hours stated. 


| arrangements could hardly be improved 


upon. 

Fig. 2. represents an arrangement de- 
signed by Mr. Symons some months since, 
wherein the vessel, still of metal, is sunk 
almost wholly into the ground, so as to 
obviate as far as possible artificial heating. 

Fig. 3. is a modification of the plan 
adopted by Major Phillips, at St. Helena, 
and already referred to. In this, the 
water to be measured is contained in a 
glass cylinder, which is placed in the cen- 
tre of a much larger vessel of water, the 
whole being buried in the earth up to the 
brim of the large vessel. 

The following Table gives the detailed 
results of our observations : 


(Camden square, London, 111 ft. above Sea Level.) 


Evaporation in 24 hours. Temperature of water. 
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It would be quite premature to draw 
definite conclusions from the short period 
of observation hitherto elapsed, but we 
may point out a few remarkable results. 

(1.) During the three weeks ending 
August 12th, the total evaporation from 
Fig. 1 was 4.37 in.; from Fig. 2, 3.13 in.; 
and from Fig. 3, 2.46 in., numbers which 
are to each other in the ratio of 1.78, 1.27 
and 1.00. Fig. 1 therefore lost 78 per 
cent. more water by evaporation than 
Fig. 3. 
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(2.) During the daytime the sunshine 
heats Figs. 1 and 2 to such an extent that 
the ratios of evaporation become about 
250, 150, and 100. 





(3.) During the night there are indi- 
cations of a slight addition to Fig. 3 from 
condensed vapor. 

(4.) It will be seen that the evaporation 
as computed from the hygrometer bears 
no regular relation to any of the others, 
being sometimes greater than any of them 
and sometimes less. 

We have already pointed out that we 
consider the accuracy of an evaporator is 
largely dependent on its capabilities of 
retaining the temperature of the contained 
water at as nearly as possible that of large 
volumes of water, such as reservoirs, 
rivers, and ponds. Hitherto we have not 
been able to institute regular comparisons 
of the temperatures of the water in our ex- 
perimental vessels with that of the surface 
of large bodies of water. Surface tempera- 
ture alone is concerned, because there- 
from alone can evaporation take place. 
On the few instances when we have done 
so we have found that the water in the 
water-surrounded glass cylinder (Phillips, 
Fig. 3) has been nearly identical with 
that of a rather shallow reservoir one acre 
in extent. We do not, however, consider 
our observations sufficiently numerous to 
prove this. They, however, abundantly 
prove the faulty nature of all ordinary 
evaporators, for we find the average 
temperature at about 2 p.m. to have been 
in Fig. 1, 80.7 degs.; Fig. 2, 75.8 degs.; 
Fig. 3, 73.8 degs.; showing an average 
excess of 7 degs. in the temperature of 
Fig. 1 over that of Fig. 3. In sunshine 
there is an excess of twice that amount; 
in fact, at times the metal becomes so hot 
as to scorch the hand. Befgre leaving the 
subject of temperature we may mention a 
singular and suggestive fact. The average 
excess of the temperature in the three 
vessels above 65 degs. is respectively 15.7 
degs., 10.8 degs., and 8.8 degs. ; and these 
values are to one another in the ratio of 
1.78, 1.23, and 1.00, or nearly identical 
with the ratios of the amount of evapora- 
tion, viz., 1.78, 1.27, and 1.00. 

We commenced this paper by placing 
in juxtaposition the values assigned by two 
high authorities in our own country, of 
which one was thrice the other. We can 
hardly more strongly advocate the claims 
of this question to investigation than by 
quoting, in conclusion, M. Vallés, the 
French engineer, who first called attention 
to the great discrepancy between the ob- 
servations on the canal of Burgundy and 
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the data generally adopted in France by | rest content with only knowing that the 
scientific men. M. Vallés says : “We numerical value to be attributed to this 
do not understand how in a country like | datum, so essential for a large number of 
ours, and with reference to one of the | engineering works, lies between two limits, 
most important of hydraulic data, we can | one of which is double the other!” 





HOW HEAT DISAPPEARS BEHIND A MOVING PISTON. 


From * The Engineer.”’ 


The discovery of the age is acknowledg- 
ed to be that of the thermal equivalent of 
mechanical work. It is possible to treat 
the whole theory of thermal engines—as 
least as far as is required for engineering 
purposes—-without defining,or trying to de- 
tine, the nature of the heat. But an hypoth- 
esis connecting facts otherwise isolated, 
closing up the gap preventing that thor- 
ough understanding of matters which 
would indicate progress in fresh directions, 
must be of the greatest importance, even 
from a merely practical point of view. By 
regarding heat, like sound and light, as a 
mode of motion, a great number of re- 
sults have been discovered, which although 
developed—as in the book we review else- 
where—without the use of the hypothe- 
sis, could certainly not have been found 
out without this hypothesis. And it is 
only since its introduction to the world of 


science that a theory of heat deserving | 


the name can be spoken of. 

The ideal engine—by aid of which heat 
can be converted into work—merely 
consists of a cylinder closed at one end 
and embracing a piston, together inclos- 
ing a certain quantity of gas or vapor of 
any given unit of weight. This amount 
of gas has a certain volume, which we will 
call V,,acertain pressure, P°, andacertain 
temperature, tj. Now, let us suppose the 
fluid to be compressed by an external 
force. Its temperature accordingly gets 
raised until it attains a value we will call 
t,. Whilst the temperature and volume 
get altered by this compression, the pres- 
sure is increased according to a certain 


[on our diagram corresponds to certain 
| stages of temperature, volume, and pressure 
of gas in our cylinder; and hence the posi- 
tion of the point in question changes 
with the volume and temperature of the 
gas. Supposing that B® is the point cor- 
responding to the original state before 
the gas was compressed, then this point 
will move along a curve, B, B,, during 
compression. During this process it is 
supposed that no heat was gained or lost 
by the cylinder. We will now imagine 
that it is in our power to impart heat to, 
or to extract heat from, the gas. This is 
done by an apparatus the generic term for 
which is heat reservoir. For instance, 
the fire gases of the boiler furnace form 
the reservoir of heat in the steam-engine. 
In the ideal case we are considering we 
| may suppose a reservoir of heat is formed 
‘by a medium of a certain temperature 
surrounding the cylinder, and keeping the 
temperature of the inclosed gas at a con- 
stant height. This surrounding medium 
| we further suppose ourselves to be at lib- 
| erty to remove. We next assume that 
| when the ideal cylinder is without its re- 
| servoir, no heat makes its way either to 
|or from the gas ; and this we assume to 
have been the case with our gas during 
the compression mentioned above, and 
which left it at the temperature, /'. We 
will now imagine ourselves to apply to our 
cylinder a reservoir of heat of the same 
temperature, ¢! ; and if we allow the gas 
again to expand, it will not be cooled by 
this expansion. The consequence is, that 
the pressure does not decrease so rapidly 








law, so that to each stage of volume and | as it otherwise would. This expansion is 
temperature there corresponds a certain | continued during a certain time, and the 
pressure. This law of increase may be | reservoir of heat is then taken away, 
most plainly indicated by the accompany- | whilst the gas is still allowed to expand. 
ing diagram, first used for the purpose by | As it cannot take up heat the temperature 
Clapeyron. In this we set off on the hori- | of the gas will decrease, and, consequently, 
zontal axis, OX, the volumes ; and on the | the pressure will decrease more rapidly 
vertical axis, OY, the corresponding pres-| than before. As soon as the gas has 
sures. By well-known rules, a certain point ' cooled down to our lowest original tem- 
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perature, 4°, we surround the cylinder by | into the cylinder, and during the last pro- 
another reservoir of heat having this tem-| cess the other reservoirs of the low 
perature, 4°, and we again begin to com-| temperature, ¢,, took up heat from the 
press the gas to the original volume. Dur-| gas. During the process heat passes into 
ing this compression the temperature the cylinders from a hot reservoir, and 
would increase if we had not applied our | heat flows into one of a lower tempera- 

reservoir. But the reservoir takes up this | ture. 
heat, and thus our gas arrives at its origin-| This was already known to Clapeyron, 
al volume and its original temperature, | the inventor, in 1834, of this diagram ; 
and, consequently, its original pressure. | but the original indication that heat 
Returning more particularly to the dia- | can only do work by flowing from a hotter 
gram, we have to trace the four different | body to acooler one is due to S. Carnot, 
stages of the process undergone by the! the son of the great French Minister of 
inclosed gas. During the first stage of | War and mathematician of thatname. It 
this process the point representing | is clear, for instance, that it would be im- 
volume and pressure moved from the) possible to work an engine in an atmo- 
point B, to B,. During the second stage, | sphere having the temperature of the 
a similar curve, B, B’, will be described ; | steam with which it is supplied. In such 
but as the pressure does not decrease so | a case our diagram would shrink up to a 
rapidly as it increased before, this curve | single line, inclosing no area at all, and 
will fall above the other one. During the | | therefore indicating no work. If we sup- 
third stage, while the te -mperature de- pose an atmosphere hotter than the steam, 
creases, a curve, B’ , B’ ,, is described par- | we should have to do external work to get 
allel to the first one, ‘and during the last our | the engine into motion ; the steam would 
have to be pumped out of the boiler into 
| the atmosphere. In the ideal engine we 
| have supposed, it is possible by doing 
| work to extract heat out of the cooler 
| reservoir and to impart it to the hotter 

| one, 

According to Clapeyron, no heat was 
transformed in the engine whilst doing 
| work ; and accordingly he supposed that 
| the quantities of heat taken up and given 
| off during the cycle of its progress through 
| the engine were equal. But in reality 
| heat actually disappears in producing 
| work, it actually disappears behind the 
moving piston of a steam-engine; a 
| physically demonstrable fact that cannot 
be at all explained on the caloric theory 
| that heat isa fluid. It was therefore neces- 
sary to find out another hypothesis more 
| suited to the facts. In 1842, Dr. Mayer, of 
Heilbronn, clearly pointed out, not only 
| that heat is actually lost, but that always 
| the same amount of heat disappears i in do- 
| | ing a given amount of work, or that there 
point moves back from B’, to the initial exists a mechanical equivalent of heat. 
point B, ; thus our four curves inclose an | The same thing was done in the course of 
area, B, B, B’, B’, B,, which represents | the following year by A. Colding, an engi- 
the work done during the whole process, | neer of Shean. At the same time Dr. 
exactly as the work done during a stroke | Joule, of Manchester, independently of 
of the piston is represented in an ordinary | both, began his experiments on this sub- 
Watt’s Indicator diagram. ject. By the hypothesis linking together 
During the second part of the process,|a great number of natural phenomena, 
whilst the reservoir of the high tempera- | the vis viva of the molecules, which is heat, 


ture, ‘,, was applied, heat was taken up’ is transferred into vis viva, or work 
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accumulated in the piston, and visibly 
appearing in its motion. 

According to the doctrine of the ther- 
mal equivalent of work, the amount of 
heat disappeared in our engine depends 
only on the work done ; but it is another 
question, whether the amount of heat 
which flows uselessly into the cooler re- 
servoir is always the same. And here the 
mechanical theory of heat steps in and 
shows that this depends upon the tempera- 
ture of the two reservoirs. It diminishes 
with the temperature of the cooler re- 
servoir, and the amount which passes into 
the cooler body can never be zero, except 
in case that this cooler body has the ex- 
ceedingly low temperature of 273° Cent. 
below freezing point. These figures ap- 
pear a little paradoxical, but are easily 
explained. The amount of vis viva of the 
molecules determines the temperature ; 
and when this vis viva is zero there is no 
heat. The German Professor Clausius 
has demonstrated that at this tempera- 
ture—of course unapproached and unap- 
proachable in this universe—there can be 
no motion of the particles, and therefore 
no heat. Clausius consequently calls this 
temperature the absolute zero ; and in the 
mechanical theory of heat the scale of the 
thermometer, so to speak, is counted from 
this zero. If we could cool down the 
temperature of our reservoir of heat to 
this point, our engine could convert all 
heat of a hotter reservoir into work. 
Comparing our ideal engine with the com- 
mon steam-engine, we find that in both 
cases we have a cylinder ; but in the prac- 
tical instance we have the steam passing, 
as the vehicle of the heat, through the 
cylinder, whilst in the ideal thermal en- 
gine we had the heat by itself. In the 
steam-engine our two reservoirs of heat 
are the furnace and the atmosphere, or a 
special condenser, which takes up the heat 
flowing out of the engine ; the ordinary 
indicator diagram being accordingly dif- 
ferent to Clapeyron’s theoretical diagram. 
The inlet of the steam at the first moment 
corresponds to the first stage of the pro- 
cess of the ideal engine, represented by 
the line B, B’°, but becoming an almost 
vertical line in the steam-engine. The 
straight horizontal line corresponds to 
the line B, B’! ; and the line during ex- 
pansion corresponds to B’, B’®. The ex- 
haust of the steam would give the curve 
B'° B® ; and it is clear, as all is going on 
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| continuously in the steam-engine, we can- 
not have the sharp corners of the Clapey- 
ron curve. The heat passing, together 
with the steam, into the cylinders, may, 
| with regard to its mechanical effect, be 
| divided into two parts—into the heat con- 
| verted into actual work, and into that 
which, even theoretically, necessarily must 
pass into the condenser or atmosphere ; 
| without counting, of course, the numerous 
| practical losses by induction, condensa- 
|tion on chilled surfaces, conduction, and 
| others. The proportion of the loss of 
this second part to the whole becomes 
|less by an increase of the difference of 
temperature between the boiler and the 
atmosphere. In the condenser we regain 
some of the work formerly used to con- 
vert the water into steam. Hence a steam- 
engine will work all the more economi- 
cally, as regards the expenditure of coal, 
the higher the temperature of the steam, 
and the lower the temperature at which 
it leaves the cylinders. 

The general principles illustrated by 
the diagram are, therefore, first, that heat 
| can only work by passing from a hotter, 
through an engine, to a cooler body; and, 
secondly, that during this passage one 
portion of the heat is converted into work, 
whilst another portion actually passes 
over into the cooler body. 





| ie artillery experiments at Finspong, 
in Sweden, have now been completed, 
and the Danish Minister of War, M. 
Raasloff, has returned to Copenhagen. 
The new 11} in. gun, which is made en- 
tirely of Swedish iron, has met with 
general approval both among Swedish and 


Danish artillerists. It was fired from a 
distance of 580 ft. at a target made of six 
plates of iron, each 2 in. thick, and backed 
with strong wooden beams. About 20 
yards behind it was a wooden target 2 ft. 
| thick, leaning against an embankment of 
|gravel. The conical projectile of the gun, 
| weighing 150 lbs., pierced both targets and 
| buried itself to a depth of 8 ft. in the em- 
bankment. 





Q™ Joun Herscuet calculates that the 
\) great pyramid weighs 12,760,000,000 
Ibs. Lyall gives a larger estimate of 
6,000,000 tons. According to Perring, 
the present quantity of masonry is 6,316- 
000 tons, or 82,110,000 cubic ft. 
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ENGINEERING PROGRESS. 


From ‘* The Practical Mechanic’s Journal,’’ 


An Abstract of an address delivered before the Mechanical 
Science Section of the British Association, by Mr. G. W. Siemens, 
President of the Section, 


In viewing the latest achievements of 
engineering science, two works strike the 
imagination chiefly by their exceeding 
magnitude, and by the influence they are 
likely to exercise upon the traffic of the 
world. The first of these is the great 
Pacific Railway, which, in passing through 
vast regions hitherto inaccessible to 
civilized man, and over formidable moun- 
tain chains, joins California with the 
Atlantic States of the great American Re- 
public. The second is the Suez shipping 
canal, which, notwithstanding adverse 
prognostications and serious difficulties, 
will be opened very shortly to the com- 
merce of the world. These works must 
greatly extend the range of commercial 
enterprise in the North Pacific and the 
Indian Seas. The new water-way to 


India will, owing to the difficult naviga- 
tion of the Red Sea, be in effect only avail- 
able for ships propelled by steam, and will 
give a stimulus to that branch of engineer- 


ing. Telegraph communication with 
America has been rendered more secure 
against interruption by the successful 
submersion of the French Transatlantic 
cable. On the other hand, telegraphic 
communication with India still remains in 
a very unsatisfactory condition, owing to 
imperfect lines and divided administration. 
To supply a remedy for this public evil, 
the Indo-European Telegraph Company 
will shortly open its special lines for 
Indian correspondence. In Northern 
Russia the construction of a land line is 
far advanced, to connect St. Petersburg 
with the mouth of the Amoor river ; on 
the completion of which, only a submarine 
link between the Amoor and San Fran- 
cisco will be wanting to complete the 
telegraphic girdle round the earth. With 
these great highways of speech once 
established, a network of submarine and 
aerial wires will soon follow, to bind all 
inhabited portions of our globe together 
into a closer community of interests, 
which, if followed up by steam communi- 
cation by land and by sea, will open out 
a great and meritorious field for the ac- 
tivity of the civil and mechanical engineer. 
But while great works have to be carried 





out in distant parts, still more remains to 
be accomplished nearer home. The rail- 
way of to-day has not only taken the 
place of high roads and canals for the 
transmission of goods and passengers be- 
tween our great centres of industry and 
population, but is already superseding 
by-roads leading to places of inferior 
importance ; it competes with the mule in 
carrying minerals over mountain passes, 
and with the omnibus in our great cities. 
If a river cannot be spanned by a bridge 
without hindering navigation, a tunnel is 
forthwith in contemplation; or, if that 
should not be practicable, the transit of 
trains is yet accomplished by the estab- 
lishment of a large steam ferry. It is one 
of the questions of the day to decide by 
which plan the British Channel should be 
crossed, to relieve the unfortunate travel- 
ler to the continent of the exceeding 
discomfort and delay inseparable from the 
existing most imperfect arrangements. 
Considering that this question has now 
been taken up by some of our leading 
engineers, and is also entertained by the 
two interested Governments, we may look 
forward to its speedy and satisfactory so- 
lution. So long as the attention of rail- 
way engineers was confined to the con- 
struction of main lines, it was necessary 
for them to provide for a heavy traffic and 
high speeds, and these desiderata are best 
met by a level permanent way, by easy 
curves and heavy rails of the strongest 
possible materials, namely, cast-steel; but 
in extending the system to the corners of 
the earth, cheapness of construction and 
maintenance, for a moderate speed and a 
moderate amount of traffic, becomes a mat- 
ter of necessity. Instead of plunging 
through hill and mountain, and of cross- 
ing and recrossing rivers by a series of 
monumental works, the modern railway 
passes in zigzag up the steep incline, and 
conforms to the windings of the narrow 
gorge; it can only be worked by light roll- 
ing stock of flexible construction, furnished 
with increased power of adhesion and 
great brake power. Yet by the aid of the 
electric telegraph, in regulating the prog- 
ress of each train, the number of trains 
may be so increased as to produce, never- 
theless, a large aggregate of traffic; and 
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it is held by some that our trunk lines even 
would be worked more advantageously by 
light rolling stock. The brake power on 
several of the French and Spanish rail- 
ways has been greatly increased by an in- 
genious arrangement, conceived by M. 
Le Chatelier, of applying what has been 
termed “contre vapeur” to the engine, con- 
verting it for the time being into a pump, 
forcing steam and water into the boiler. 
While the extension of communication 
occupies the attention of, perhaps, the 
greater number of our engineers, others 
are engaged upon weapons of offensive 
and defensive warfare. We have scarce- 
ly recovered our wonder at the terrific 
destruction dealt by the Armstrong gun, 
the Whitworth bolt, or the steel barrel 
consolidated under Krupp’s_ gigantic 
steam-hammer, when we hear of a shield 
of such solidity and toughness as to bid 
defiance to them all. A larger gun or a 
harder bolt by Palliser or Griisen is the suc- 
cessful answer to this challenge ; when, 
again, defensive plating, of greater tenacity 
to absorb the power residing in the shot, 
or of such imposing weight and hardness 
combined as to resist the projectile abso- 
lutely (causing it to be broken up by the 
force residing within itself), is brought for- 
ward. The ram of war, with heavy iron 
sides, which a few years since was thought 
the most formidable, as it certainly was the 
most costly, weapon ever devised, is al- 
ready being superseded by vessels of the 
Captain type, as designed by Captain 
Coles, and ably carried out by Laird 
Brothers, with turrets (armed with guns 
of gigantic power) that resist the heaviest 
firing, both on account of their extraordi- 
nary thickness and of the angular direc- 
tion in which the shot is likely to strike. 
By an ingenious device, Captain Moncrieff 
lowers his gun upon its rocking carriage 
after firing, and thereby does away with 
embrasures (the weak places in protect- 
ing works), while at the same time he 
gains the advantage of reloading his gun 
m comparative safety. It is presumed 
that in thus raising formidable engines of 
offensive and defensive warfare, the civil- 
ized nations of the earth will pause before 
putting them into earnes operation; but 
if they should do so, it is consolatory to 
think that they could not work them 
for long without effecting the total ex- 
haustion of their treasuries, already drain- 
ed to the utmost in their construction. 


While science and mechanical skill com- 
bine to produce these wondrous results, 
the germs of further and still greater 
achievements are matured in our mechani- 
cal workshops, in our forges, and in our 
metallurgical smelting works ; it is there 
that the materials of construction are pre- 
pared, refined, and put into such forms 
as to render greater and still greater ends 
attainable. Here a great revolution of 
our constructive art has been prepared by 
the production, in large quantities and at 
| moderate cost, of a material of more than 
twice the strength of iron, which, instead 
of being fibrous, has its full strength in 
| every direction, and which can be modu- 
|lated to every degree of ductility, ap- 
| proaching the hardness of the diamond 
on the one hand, and the proverbial 
'toughness of leather on the other. To 
call this material cast-steel seems to attrib- 
ute to it brittleness and uncertainty of 
temper, which, however, are by no means 
|its necessary characteristics. This new 





material, as prepared for constructive 
| purposes, may indeed be both hard and 
| tough, as is illustrated by the hard steel 
| rope that has so materially contributed to 
| the practical success of steam-ploughing. 


Machinery steel has gradually come into 
use since about 1850, when Krupp, of 
Essen, commenced to supply large ingots 
that were shaped into railway tyres, axles, 
cannon, etc., by melting steel in halls con- 
taining hundreds of melting crucibles. 
The Bessemer process, in dispensing with 
the process of puddling, and in utilizing 
the carbon contained in the pig-iron, to 
effect the fusion of the final metal, has 
given a vast extension to the application 
of cast-steel for railway bars, tyres, boiler- 
plates, etc. This process, however, is 
limited in its application to superior 
brands of pig-iron, containing much car- 
bon and no sulphur or phosphorus, which 
latter impurities are so destructive to the 
quality of steel. The puddling process 
has still, unless the process of decarburi- 
zation of Mr. Heaton takes its place, to 
be resorted to, to purify these inferior 
pig-irons, which constitute the bulk of 
our productions ; and the puddled iron 
cannot be brought to the condition of 
cast-steel except through the process of 
fusion. This is accomplished successfully 
in masses of from 3 to 5 tons on the open 
bed of a regenerative furnace at the 
Landore Siemens Steel Works, and at 
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other places. At the same works cast-steel 
is also produced, to a limited extent as yet, 
from iron ore, which, being operated upon 
in large masses, is reduced to the metallic 
state and liquefied by the aid of a certain 
proportion of pig metal. The regenera- 
tive gas furnace—the application of which 
to glass-houses, to forges, etc., has made 
considerable progress—is unquestionably 
well suited for this operation, because it 
combines an intensity of heat, limited 
only by the point of fusion by the most 
refractory material, with extreme mild- 
ness of draught and chemical neutrality of 
flame. These and other processes of 
recent origin tend toward the produc- 
tion, at a comparatively cheap rate, of 
a very high-class material that must 
shortly supersede iron for almost all 
structural purposes. As yet engineers 
hesitate, and very properly so, to con- 
struct their bridges, their vessels, and 
their rolling stock of the material pro- 
duced by these processes, because no 
exhaustive experiments have been pub- 
lished as yet fixing the limit to which they 
may safely be loaded in extension, in 
compression, and in torsion, and because 
as yet no sufficient information has been 
obtained regarding the tests by which 
their quality can best be ascertained. This 
great want is in a fair way of being sup- 
plied by the experimental researches that 
have been carried on for some time at her 
Majesty’s dockyards at Woolwich, under a 
committee appointed for that purpose by 
the Institution of Civil Engineers. The 
president had also the pleasure to an- 
nounce an elaborate report by Mr. Wm. 
Fairbairn on this subject. In the mean- 
time excellent service has been rendered 
by Mr. Kirkaldy in giving us, in a perfect- 
ly reliable manner, the resisting power 
and ductility of any sample of material 
which we wish to submit to his tests. The 
results of Mr. Whitworth’s experiments, 
tending to render the hammer and the 
rolls obsolete by forcing cast-steel, while 
in a semi-fluid state, into strong iron 
moulds by hydraulic pressure, are looked 
upon with great interest. But, assuming 
that the new building material has been 
reduced to the utmost degree of uniformity 
and cheapness, and that its limits of 
strength are fully ascertained, there re- 
mains still the task for the civil and 
mechanical engineer to prepare designs 
suitable for the development of its pecu- 





liar qualities. If in constructing a girder, 
for example, a design were to be adopted 
that had been worked out for iron, and if 
all the scantlings were simply reduced in 
the inverse proportion of the absolute 
and relative strength of the new material, 
as compared with iron, such a girder 
would assuredly collapse when the test 
weight was applied, for the simple reason 
that the reduced sectional area of each 
part, in proportion to its length, would 
be insufficient to give stiffness. You might 
as well almost take a design for a wooden 
structure, and carry it out in iron by 
simply reducing the section of each part. 
The advantages of using the stronger 
material become most apparent if applied, 
for instance, to large bridges, where the 
principal strain upon each part is pro- 
duced by the weight of the structure it- 
self; for, supposing that the new material 
can be safely weighted to double the 
bearing strain of iron, and that the weight 
of the structure were reduced by one-half 
accordingly, there would still remain a 
large excess of available strength in con- 
sequence of the reduced total weight, and 
this would justify a further reduction of 
the amount of the material employed. In 
constructing works in foreign parts the 
reduced cost of carriage furnishes also 
a powerful argument in favor of the 
stronger material, although its first cost 
per ton might largely exceed that of 
iron. 

The inquiries of the Royal Coal Com- 
mission into the extent and management 
of the coal-fields appear to be reassuring 
as regards the danger of their becoming 
soon exhausted; nevertheless, the impor- 
tance of economizing these precious de- 
posits in the production of steam power, 
in metallurgical operations, and in domes- 
tic use, can hardly be overestimated. The 
calorific power residing in a pound of coal 
of a given analysis can now be accurately 
expressed in units of heat, which again 
are represented by equivalent units of 
force or of chemical action; therefore, if 
we ascertain the consumption of coal of a 
steam-engine, or of a furnace employed 
in metallurgical operations, we are able to 
tell by the light of physical science what 
proportion of the heat of combustion is 
utilized and what proportion is lost, Hav- 
ing arrived at this point we can also trace 
the channels through which loss takes 
place, and in diminishing these by judi- 
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cious improvement we shall more and 


more approach those standards of ulti- | 


mate perfection which we can never reach, 


but which we should, nevertheless, keep | 
steadfastly before our eyes. Thus, a pound | 


of ordinary coal is capable of producing 
12,000 Fahrenheit units of heat, which 
equal 2,240,000 foot-pounds, or units of 
force; whereas the very best performances 
of our pumping-engines do not exceed the 


limit of 1,000,000 foot-pounds of force | 


per pound of coal consumed. In like 
manner, 1 lb. of coal should be capa- 
ble of heating 33 lbs. of iron to the weld- 
ing point of (say) 3,000 deg. Fahr., where- 
as, in an ordinary furnance, not 2 lbs. of 


iron are so heated with 1 lb. of coal. | 


| These figures serve to show the great field 


for further improvement that lies yet be- 
fore us. Although heat may be said to 
be the moving principle by which all 
things in nature are accomplished, an ex- 
cess of it is not only hurtful to some of 
our processes, such as brewing, and de- 
structive to our nutriments, but to those 


| living in hot climates or sitting in crowd- 


ed rooms an excess of temperature is fully 
as great a source of discomfort as exces- 
sive cold can be. Why, then, he asked, 
should we not resort to refrigeration in 
summer as well as to calorification in 
winter, if it can be shown that the one 
can be done at nearly the same cost as 
the other? 





THE BRIDGE OF COURCELLES. 


From “ The Building News,”’ 


Had it not been for the introduction of 
iron, and its extensive application to rail- 
way bridge building, it would have been 
almost impossible to have manceuvred the 
modern lines in the tortuous manner many 
of their routes exhibit. There is a limit 
to the angle of skew at which an arch of 
brickwork or masonry may be constructed, 
but there is practically no limit to the 
obliquity that may attend an horizontal 
girder. The latter principle is therefore 


thick lines A D and A C represent two 
railways which meet at the point of con- 
vergence, A; E F and H K show the streets 
which necessitated the bridge in question; 
the former being the Rue Brémontier, and 
the latter the Boulevard Péreire. As a 
consequence of this convergence of the 
two roads, it is evident that one bridge 
had to serve as an abutment for the other. 
The whole superficial area of the super- 
structure was not less than three thousand 


| square yards. The general plan adopted 


| was as follows: A triangular pier of ma- 





the one peculiarly applicable to instances | 
where the angle between the roads above | 
and below the bridge depart much from | 
that of ninety degrees, and that invariably 
employed by engineers. With the excep- 
tion of the bridge over La Place de l’Eu- | 
rope, there is not one of the numerous) 
structures of that nature erected in Paris, | 
which has so sharp an angle of skew as 
the one recently put up at Courcelles, a 
station on the central railway of the 
French metropolis. An inspection of the 
diagram will give a very good idea of the 
difficulties that M. Clerc, the engineer to 
the line, had to contend against. The 


sonry was built in the fork where the two 
railways meet, and two abutments were 
also erected in the direction of A C and 
AD. Upon this pier and these abutments 
was carried the Rue Brémontier, which is 
65 ft. in width. The Boulevard Péreire 
was supported by a bridge, the girders of 
which rested at one end upon the two 
abutments already described, and at the 
other upon the face girder of the bridge, 
carrying the Rue Brémontier. There are 
five main girders in this structure, consist- 
ing of two outside or face girders, and 
three inside or intermediate ones. The 
minimum height of any part of the super- 
structure above the rails is fixed by the 
Government at 15.75 feet, and does not 
not depend upon the height of the funnels 
of the locomotive, as with us. The reason 
why a general limit should be imposed, is 
not quite clear. So long as the bridge is 
high enough to clear the locomotive un- 
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derneath, there is not the slightest neces- 
sity for making it any higher. It is dif- 
ferent when a railway goes over a road. 
Then it is indispensable to fix some gen- 
eral minimum heading, which, on English 
lines, is put at 15 ft. for a public road, and 
12 ft. for a farm or occupation road. 

One of the chief difficulties M. Clere and 
his colleague, M. Marin, had to contend 
against, was the difference of level in the 
two thoroughfares that had to be taken 
over the line. This is one of those vexa- 
tious points that occasionally arise in con- 
struction, and annoy the engineer beyond 
measure; not so much on account of 
their presenting any real constructive or 
scientific difficulty, but from the fact that 
they render absolutely impossible any at- 
tempt at an ornamental or eesthetical de- 
sign. It is vain to endeavor to combine 
beauty with abstract utilitarian require- 
ments. The main girders in the Rue Bré- 
montier bridge, which are 243 ft. over all, 
are not of the same height throughout 





its signification. Hollow brick arches, 
which are a great deal lighter than solid 
ones, are still very much patronized by 
French engineers, and they constitute in 
the bridge under notice the means for car- 
rying the roadway. Over these is laid 
concrete, and a coating of asphalte makes 
everything water-tight. 

In order to provide for the expansion 
and contraction of the main girders, they 
are free to move on the abutments on cast- 
iron slides, while they are fastened down 
to the triangular pier of masonry. Rollers 
are also placed on the top of the interme- 
diate columns which divide the whole 
length into smaller spans, upon which 
they can move freely. The erection of 
the bridge was accomplished in a double 
manner. Part of it was put up by the aid 
of a temporary bridge and scaffolding, and 
the other part was all riveted together on 
the adjoining ground, and pushed into its 
place on rollers. This latter is a method 
that has been frequently adopted in situ- 


their whole length, which, but for the ; ations such as a deep ravine, where it is 
cause already mentioned, they would have | impossible to erect any scaffolding or tem- 
been. For the same reason the cross gird- | porary work. At the same time, it is a 
ers are much heavier than they need other- | serious question whether the force neces- 
wise have been, and the whole effect of , sary to propel so large a mass of ironwork, 
the unavoidable condition imposed upon | may not strain in some degree the struc- 
the engineers has been to deprive the | ture under its influence. The whole of 
structure of that lightness and elegance | the iron-work of the bridge of Courcelles 
which under different circumstances would | was contracted for by the firm of Gouin 
have undoubtedly belonged to it. All the | & Co. The price for the wrought-iron 
girders, outside as well as inside, are of ; was at the rate of 53 francs per hundred 
the lattice type, thus demonstrating that kilogrammes, and for the cast, 25 francs. 
the economy of this principle of bridge , Reducing to English measures and units, 
construction is understood in France as! we have the wrought iron at £21 10s. per 
well as by our own engineers. The diag- , ton, and the cast at £10 3s. 

onal bars in compression, usually termed 
struts, are of the ordinary channel section, 
the form of all others the best adapted to | i Russian newspapers announce that 
resist strains of that nature. Those in experiments will shortly be made on 
tension, or the ties, are plain rectangular | the Neva with a new invention for pro- 
bars, which suffice for all purposes where | pelling ships without using either paddles 
strains of only a tensile character are de- oy screws. The author of this invention 
veloped. It is evident that among our- is M. Liwezak, an Austrian by birth, who 
selves the old system of carrying the road- | some time ago invented a flying machine 
way upon arches of brick, turned between propelled by steam, and subsequently be- 
the lower flanges of the girders, is fast game the editor of a Panslavist paper 
becoming obsolete, and Mallet’s buckled published in Vienna. 

plates are being substituted as the new 

regime. For strength and lightness there 

is nothing to compare with them, nor can 

there be any doubt about their ultimate , 
economy. When that term, however, is 





T= Amazon drains an area of 2,500,000 

sq. miles ; its mouth is 96 miles wide, 
used to signify mere saving of money in and it is navigable 2,200 miles from its 
first cost, they cannot be included under mouth. 
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REPORT ON THE EXPERIMENTS MADE IN PARIS ON THE AP- 
PLICATION AND PURIFICATION OF SEWAGE. 


From “ The Engineer.” 


An elaborate report on the experiments 
made at Clichy, near Paris, on the utili- 
zation and purification of sewage, has been 
drawn up by M. Mille and M. Claye, the 
engineers charged with the management 
of these important experiments. 

These experiments have been entered 
upon with a full knowledge of what has 
been done in other countries, and espe- 
cially in Great Britain, several visits having 
been made by French engineers and 
chemists to England, who have evidently 
studied the subject with their usual acute- 
ness, 

The great collector which now receives 
the waste waters of 66,000 houses, in- 
habited by nearly two millions of souls, as 
well as that of a large number of factories, 
the rainfall and the washings of the pub- 
lie ways, but not the solid excremental 
matter, empties itself into the Seine at a 
considerable distance below the city. The 
experimental establishment at Clichy 


is situated at about 400 yards from 


the mouth of the great trunk  col- 
lector, where the sewer presents the best 
conditions for a uniform flow, and here 
the quantity of liquid passing at every 
hour of the day is carefully gauged by 
means of floats and staffs. Once a fort- 
night a brigade of men pass twenty-four 
hours in the sewer, taking observations 
every hour. At other times this is only 
performed twice in the day, namely, at ten 
inthe morning and four in the afternoon; 
and these observations are afterwards 
carefully worked out until the results are 
brought to tally with each other. 

It should have been stated above that 
the series of experiments referred to is 
now completed, having occupied two years, 
and an expenditure of nearly £9,000. 

To recur to the operations for ascer- 
taining the quantity of liquid passing the 
sewer, and the rate at which it flows, it 
may be mentioned that 2,900 observations 
were made in a period of twelve months, 
and that the curves of variation are care- 
fully mapped out hourly, daily, and 
monthly. The general results are as 
follow: Average, with a liquid depth of 
one metre, two and one-fifth cubic metres 
or tons per second, flowing at the rate of 





90 centimetres. The maximum result 
given is that which occurred after a heavy 
fall of rain, when the volume of liquid reach- 
ed 45 tons, and the speed 10 metres per 
second. The total volume passing through 
the sewer during the year 1868 is stated 
at 70,000,000 tons ; but this only included 
the sewage of the right bank of the Seine, 
the connection with the other side of the 
town not having been made by means of 
the great siphon of the Seine until No- 
vember in that year. 

The comparison between the quantity 
of water distributed in Paris, added to 
the rainfall and the amount passing 
through the sewer, is important. Average 
daily district, 213,689 tons ; rainfall, 114, 
726. Total, 328,415 tons. Average debit 
of sewer, 190,905, equal to 58 per cent. 
But here, again, it must be observed the 
siphon for the left bank was not yet in 
action. The reporters add, however, that 
during the cold months the quantity of 
water carried into the Seine by ordinary 
channels and lost by infiltration, and 
especially by evaporation, amounts to 
about one-third of the whole amount ; 
while during the great heats the propor- 
tions are reversed, and only one-third 
passes into the collector. 

In the Seine, as in the Thames, im- 
mense deposits are formed at the mouth 
of the sewer, and dredging machines are 
frequently at work to break down this 
bar ; while the right bank of the river is 
bordered by a bed of mud covered with 
organic matter. What is the amount 
of this solid matter at present thrown into 
the Seine, and what is its value as ma- 
nure? This is the problem which the ex- 
periments at Clichy solve theoretically. 

In the laboratory or on the grounds the 
agent employed is alum. The sulphate of 
alumina is decomposed by the sewage li- 
quid, and converted into a gelatinous sub- 
stance which carries down with it by its 
weight the solid matter in suspension, 
and leaves the water in a few hours almost 
limpid. This method is borrowed from 
the Egyptians, Chinese, and other Eastern 
nations, who use alum to purify turgid 
water. 

Every day two litres of the sewage 
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water was taken at different times of the! A note relative to the temperature of 
day, so as to obtain a fair average result, | the sewage deserves notice. During the cold 
and the precipitate made by a dose of weather of January, when the Seine was 
alum, in the proportion of 2 to 10,000 of | frozen, the water in the sewers continued 
the liquid to be actedupon. The precipi-| to run with a temperature of about 40 
tate, being collected on the filter and | deg., sufficient to melt ice ; during the 
dried, was submitted to chemical analysis. | great heat of July, when the Seine was 
The result obtained, in the first place, | above 75 deg., the sewage was under 68 
is, that each ton of sewage contains more| deg. The contents of the sewer then 
than 6 lbs.of foreign matter, one-third more | escapes extreme variations of temperature, 
of which is in a state of dissolution, and the | and the sewage would warm the land in 
remaining two-thirds in suspension. This | winter and cool it in the summer. 
foreign matter is thus given in the report:| The experimental works at Clichy were 
—Nitrogen, 0.037 kilos. per ton; phos- | arranged to act upon 500 tons of sewage 
phorie acid, 0.015 kilos. per ton; potash, | per day, and the total amount taken out 
0.030 kilos. per ton; soda, 0.101 kilos.;| of the sewer during the twelve months 
organic matter, 0.729 kilos.; mineral mat-| ending in November, 1868, was 133,164 
ter, 1.984 kilos. Total, 3.002 kilos. tons, or about one four-hundreth part of 
The sand and other inert matter it will be | the whole sewage, or nearly the same 
seen amounts to very nearly two-thirds of | quantity as was applied at the Barking 
the total amount. The precipitate pro-| farm. 
duced by the alum contains nearly half| In the direct application of the sewage 
the nitrogen and phosphoric acid and the | to the experimental crops, the liquid was 
greater portion of the organic matter, the | carried around the field by means of 
remainder being left in the purified water, | channels measuring about 16 in. in 
which consequently still retains about half | breadth, and from 4 in. to 8 in. in depth, 
the azote and phosphoric acid, the soluble | and forming a continuous line of more 
alkalis, a great part of the lime, and the | than 1,000 yards in length. The ground 
remainder of the organic matter. was divided into beds, or furrows, vary- 
The following is the estimate drawn | ing from 24 in. to 40 in. in width, and the 
from the analyses referred to:—Sewage, | trenches between the beds varied from 6 
at 10 cents per ton, 7,000,000f. perannum; | in. to 12 in. in depth, and from 20m. to 
or precipitate, at 20f. per ton, 4,000,000f. | 25m. in length. The sewage was by this 
per annum; clarified liquid, at 6 cents per | means carried to the roots of the plants, 
ton, 3,000,000f. per annum—theoretically, | and never approached their leaves. In 
£280,000 thrown annually into the Seine. | the winter, when the ground was cleared, 
As regards the effect on the river the | it was prepared in the following manner: 
reporters say: As the 70,000,000 tons of The surface was roughly levelled, and the 
sewage annually thrown into the Seine | sewage directed over the surface of the 
contain 2 kilos. of solid matter per ton, ground, which absorbed the liquid, while 
the obstruction, which must constantly | the matter in suspension formed a deposit 
be dredged away amounts to 140,000 tons ; upon the surface. : 
per annum; the bank of mud when un-| The alum preferred for the operation 
covered is of a gray tinge, and contains a! of purification was obtained by treating 
quantity of straw and other waste matter. | kaolin with sulphuric acid, delivered in 
In summer fermentation takes place, and| the form of a solution, having a density 
the feculent mass poisons the air with its| of 1.074. Its composition is stated as 
noxious exhalations. This mud is found | follows: Alumina, 2 per cent. ; sulphuric 
on analysis to contain all the elements of | acid, 5.40 per cent. ; iron, a trace ; water, 
the precipitate, obtained by means of alum, | 92.60 ; and its cost, just one shilling per 
with the single exception of the phospho-| ewt. The quantity employed was rather 
ric acid, but in proportion to the distance | less than one-half litre per ton of sewage 
from the month of the sewer it becomes | to be purified, and the cost little more 
impoverished as regards nitrogen and or- | than one-tenth of a penny. Many other 
ganic matter, and finally becomes a mere | purifying agents have been tried at the 
mineral mass; but, add the reporters, all | works, but none have been found to pos- 
that is missing swims in the stream and con-; sess the necessary qualities, combined 
stitules the pollution of the river. | with cheapness, to the same extent as the 
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sulphate of alumina. The purification ticulture,ef France. The commission pro- 
pits are thirty metres long by two metres | nounces the experiments completely suc- 
in depth, with sloping sides, giving an | cessful, especially in the case of cardoons, 
average width of eight metres. Each of | salad, including endive, pumpkins, melons, 
these purifiers is capable of yielding from | beetroot, maize, and potatoes. 

fifty to sixty tons per hour, with an ex-| The experiments at Clichy have now 


| 


penditure of ten kilogrammes of the so- | come to a close, but pipes have been laid 
lution. Practically it appears, according | down to carry the sewage across the river, 
to the report, that each ton of precipitate, where a large tract of ground on the plain 
in a perfectly dry state,.requires an ex- | of Gennevilliers will allow of the essays 
enditure of 7s. 6d. for alum. | being continued on a broader scale. Some 
The effects of the sewage water as ap- | few of the experiments referred to above, 
plied to grass, vegetables, and flowers, | were tried by farmers and others on their 
are carefully tabulated, and place its value | own grounds to aid the commission, and 
as a manure beyond doubt. This, how- similar assistance is being given by far- 
ever, is no new result, and our space will | mers and market gardeners this year. 
not allow of our giving unnecessary de-| In their resumé, the reporters say: 
tails. Some special experiments, how- | “These 190,000 tons—which are thrown 
ever, have considerable importance ; for | into the Seine every twenty-four hours, 
instance, one-half of a piece of grass was | and which will presently be increased— 
cultivated with the aid of purified sewage | can they be turned from the river? Can 
only, that is to say, the water from which | they be utilized? Yes, by adopting the 
the precipitate had been obtained by | natural means of irrigation; and, during 
means of alum; while the other received | the dead season, by purification by means 
in addition a dressing of the precipitate, | of alum. The result, which will be obtained 
about an inch in thickness, while anoth- | without danger to health, will be to con- 
er piece by its side was treated with a | vert into market gardens the sandy plains 
thin dressing of the precipitate and | around Paris, which are now occupied by 
without any sewage or other water. | grain crops. The cost—which must be 
The former yielded a crop equal to 37j | set down at two to three centimes per ton 
tons per hectare, and the un-irrigated | for distribution and purification together 
part only produced at the rate of 44 tons, | —will be a heavy one for the city, if left 
while the soil in the former case was | to bear it alone. It is for the cultivators 
found on analysis to be considerably rich- | to understand that they can afford to pay 
er than it was previous to the experiment. | for sewage, precipitate, and purified water. 
The soil, it should be mentioned, was a|It is necessary, therefore, to create cus- 
poor virgin subsoil, wanting in nitroge-|tomers. Before going further, the mu- 
neous and phosphoric elements. In anoth- | nicipal authorities have directed that the 
er instance two equal portions, each of | attempt should be made, and this is the 
715 square metres, of a patch of wheat, | object which we now have in view.” 
were cultivated—one with two-and-a-half; The scientific and at the same time 
tons of common manure, the other with | practical manner in which the experimen- 
the same weight of the precipitated matter | tal work has been carried on, reflects the 
of the sewer water ; the produce in grain | highest credit upon the engineers to whom 
was the same in each case, namely, thirty | it has been intrusted. They have fully 
hectolitres, and of precisely the same | succeeded in showing the utility and econ- 
value; but the value of the straw was | omy of the direct application of sewage; 
rather more on the side of the farm ma- | they have adopted perhaps the best agent 
nure, namely, 281 f. against 225 f. This ex-| of purification in an economical sense, 
periment is being repeated this year in | they have shown the great value of the 
order to ascertain whether there is any | precipitate as a manure, and the lesser 
difference in the condition of the soil in | value of the purified water; but they have 
the two cases. not yet, unfortunately, shown that purifi- 
With respect to the success obtained in | cation can be made a paying process, and 
these experimental essays, we have a re- | the general opinion is that customers will 
port of a commission composed of the ; not be found to pay for the product a sum 
president and many of the most active | equal to the cost of the operation. But it 
members of the Imperial Society of Hor- must be remembered that these experi- 











158 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 





ments refer to sewage much less rich than 
that of London. The following is the 
amount of foreign matter found in a ton 
of the water of the Paris sewers: Nitro- 
gen, 0.037 kilos.; phosphoric acid, 0.015 
kilos. ; potash, 0.030 kilos. ; soda, 0.101 
kilos. ; organic matter, 0.729 kilos. ; mineral 
matter, 1.802; total kilos., 2.804, or nearly 





6 lbs., of which only one-third consists 
of fertilizing elements. If our neighbors 
can find a paying market for the precipi- 
tated matter from such sewage, they will 
have performed one of the most useful 
victories which practical science has yet 
achieved, and we heartily wish them suc- 
cess. 





LA CIOTAT. 


From ‘‘ The Railway News,”’ 


Creusot is not the only great manufac- 
turing establishment in France which ex- 
hibits manufacturing skill of the highest 
order, and which also has thought fit to 
provide systematic training for the skilled 
workmen who give to the works they ex- 


hibit the scientific perfection and high fin- | 


ish which have astonished the English 
jurors and taken by surprise the large mass 


of the British public, who had hitherto, 


believed in our own unapproachable su- 
premacy in the highest branches of skilled 
manufacture. 
turing establishment besides Creusot 
which exhibits large marine engines and 
models of steamships. 


shipbuilding yard and the engineering es- 
tablishment of the company called Les 
Messageries Imperiales. 
pany does, what it exhibits, and what teach- 
ing it provides for its people, is in many 
ways worthy of our consideration. 


This company is the proprietor of a) 


There is another manufac- | 


La Ciotat is a) 
small town in the south of France, con- | 
taining 10,000 inhabitants, who are almost | 
all families of workmen employed in the | 


What this com- | 
well thought out their plans, so well pro- 


tion. Perhaps, however, we may accept 
the fact of La Ciotat’s having driven us 
out of so large a field of profitable enter- 
prise, as the highest testimony that can 
be borne to the excellence of the adminis- 
tration there. 

But the company has done another 
thing still more worthy of notice, especial- 
ly as it comes still closer home tous. This 
company is the great rival to our own 
great steam navigation company, the Pe- 
ninsular and Oriental. A few years ago 
the Messageries Imperiales established a 
rival line of mail steamers, to carry Euro- 


pean mails by Marseilles, Alexandria, 


Suez, and the Red Sea, to India and China, 
We at first disregarded, perhaps despised, 
this daring attempt to place steamships 
and engines of French manufacture on a 
large oceanic line which we had always 
deemed exclusively our own. But it turn- 
ed out that the French company had so 


portioned their ships and engines to the 
work to be done, and so finely organized 
their executive, that from the moment 


large fleet of Mediterranean steamships. | they started till now their line has been 
Much of the Mediterranean steam trade | distinguished above ours by greater punc- 
that used to be carried on in English | tuality and fewer accidents; indeed, the 
steamships with English engines is now | work isdone so well that in our own Parlia- 
done with French engines and French ment last session the representative of the 
steamships built at La Ciotat. It is not Treasury told the House of Commons that 
more than fifteen years since that com- England would best consult the interes. 
pany obtained possession of La Ciotat, | of its territories in the East by confiding 
and made contracts for the French Gov-| part of our mail service to the company 
ernment in the Mediterranean, and it has | of La Ciotat, instead of trusting them ex- 
now succeeded in driving most of the clusively to the ships of our own Penir- 
English ships, engines, and companies’ sular and Oriental Company. 

who used them, out of the coasting trade! The details of the education which this 
of the Mediterranean. Of these ships and | 
engines there are some excellent models 
in the marine department of the French 
Exhibition; they are obviously the work 
of high education and perfect organiza-' tion that France provides. 


company provides for its people are re- 


markable. Its chief superintendents are 
engineers and naval architects who have 
received the highest professional educa- 
Its ships ar 
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designed by men who have first passed | ing, designing of machinery, designs of 
through the Ecole Polytechnique, and | ships, and ornamental drawing are taught 
afterwards graduated at the Imperial! gratuitously. Two hundred apprentices 
School of Naval Architecture. Its chief} and workmen regularly attend this class. 
engineers have in like manner graduated | The superintendents say that they do not 
in seience at the Ecole Polytechnique, and know which to admire most, “ the anxiety 
completed their studies in the school of | of workmen and apprentices to obtain ad- 
marine engineering, or are pupils of the | mission to this course, the diligence with 
central school of manufactures at Paris. | which they apply themselves to its work, 
The next class under these have also been | or the order and silence which pervade 
educated at the central school of arts and | the school-room.” This is really the high- 
manufactures. It is no wonder, that with | est sort of technical education; and there 
such men as these at the head of the work- | is a strong inducement to take advantage 
shops, the want of educated workmen | of it in the circumstance that the company 
should speedily have been felt. The com-| selects men for the responsible duty of 
pany employs 2,500 workmen and appren- | engineers of steamships from those who 
tices, who, with their families, form a pop-| have distinguished themselves in this 
ulation of 6,000 out of the 10,000 inhabi- | course, and take the highest places in an 
tants of the town; and they provide wholly, | annual examination at which gold and 
or contribute largely to, the funds for the | silver medals are distributed as prizes. 
schools for the education of these people.|The company also provides a library, 

There are, first, the infant schools, which | which is open to their people from eight 
contain 260 children, under the superin- | till ten in the evening and ten till four on 
tendence of nuns, who give them religious | Sundays. The formation of bands of 
instruction and teach them elementary | music is encouraged. Workmen’s houses 
grammar, reading, arithmetic, and geog- | have been erected, with all modern appli- 





raphy, and to the girls sewing and other | ances for pure air, cleanliness, and do- 
kinds of woman’s work. The next schools | mestic economy; there are gardens at- 
provided are the elementary schools, | tached to each; each contains a kitchen, 


which contain 350 boys; they remain un-| a large room with two windows and an 
til the age of 13 and 14, and receive the | aleove, and another chamber with one 
ordinary elements of a boy’s education. | window; and they are let to the workmen 
At the age of 14 their technical educa- /at from 65 to 100 francs a year. With a 
tion and the special duties of the com-| further view to economy, the company 
pany commence. An apprenticeship in has also organized a market for butcher's 
the works of La Ciotat is from beginning | meats. It has founded hospitals and say- 
to end a course of technical instruction. | ings banks, provided funds for sickness 
The superintendents remark with pride | and death, and pays members of the re- 
that all the foremen and workmen delight | ligious orders to attend to the moral and 
in teaching the youth. The company has | religious education of the people. 
done away with the system of obligatory; Such is the moral and intellectual ap- 
apprenticeships for a fixed period. The | paratus provided by this mercantile com- 
children not only receive wages from the pany for training its workpeople. The 
moment they enter the establishment, but | next point is, whether all this training 
those wages are increased as soon as really produces the improvement aimed 
greater knowledge and skill enable them | at. We have an official judgment on 
to do better work. | this subject: “The commissary of police, 
But their apprenticeship is not merely | the justice of peace, the gendarmerie, and 
a school for mechanical dexterity. The| the public prosecutor, all state that they 
company has a school-room, in which all are surprised at the small number of mis- 
the apprentices are educated gratuitously | demeanors and crimes to be met with in 
during one hour of the day, and that | the population of La Ciotat.” Three facts 
hour counts as one of the 10 hours of| are adduced as a proof of the high moral 
their day’s work. Attendance at this! tone of the workmen. 1. In 1858, there 
school is compulsory on all the appren-| was an almost total cessation of work in 
tices; but they have in addition an even- | the establishment. Instead of dismissing 
ing school, which those may attend who! men, the company decided to employ and 
will. Three evenings a week plan-draw-' pay them only a third of each day, and 
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the workmen accepted the sacrifice with- 
out a murmur. 2. In 1851 the mechanics 
of Marseilles struck for higher wages, and 
sent their emissaries to La Ciotat in order 
to obtain their co-operation; the attempt 
utterly failed. 3. Those apprentices who 
have been some time in school differ from 





those who have just entered, not merely 
in intelligence and age, but in a higher 
moraltone and conduct, the result of their 
education. In a money point of view, the 


managers say that the company reaps an 
ample reward in the superior intelligence 
and steady conduct of their workmen. 





MINING EXPERIMENTS. 


From ‘“‘The Army and Navy Gazette.’ 


The approaching completion of the lines 
of defence at Hilsea, which are intended 
to cover the only approach to the Island 
of Portsea from the mainland, has neces- 
sitated the demolition of that portion of 
the lines of defence which cover the towns 
of Portsmouth and Portsea. In carrying 
out this work, advantage has been taken 
of the opportunity for making some mi- 
ning experiments on a comparatively large 
scale, which have proved exceedingly in- 
teresting to the scientific branches of the 
service. Under the directions of a com- 
mittee of Royal Engineer and Artillery 
officers, accompanied by Mr. Abel, the 
chymist to the War Department, compara- 
tive experiments have been made between 
the powers of gunpowder and gun-cotton 
to destroy the walls of the fortifications. 
The mines in the stone escarp and coun- 
terscarp walls have been constructed, 
charged, and fired by the officers and men 
of the Royal Engineers stationed at Ports- 
mouth, under the direction of the officers 
forming the committee and the War Office 
chymist. The first experiment made was 
on the right flank of the Portsea line of 
defence. Four shafts were sunk in rear 
of the escarp wall of a projecting bastion, 
two of these being on the front and two 
on the left face of the bastion. The earth 
of the rampart, as in all the subsequent 
experiments, was cut back some fifteen 
feet from the top of the escarp, so that 
the weight of the soil on the charge was 
due solely to the depth at which the mine 
was fixed behind the escarp. The ordin- 
ary service friction battery was used for 
firing the mines. Three of the four mines 
behind the two faces of the bastion escarp 
were loaded with gun-cotton, prepared on 
a plan recommended by Mr. Abel. The 
three charges were respectively of 46, 36, 
and 30 pounds. The fourth charge was 
composed of 70 pounds of gunpowder. 





| When the explosions took place there 
| was a vast trembling of the bastion at the 
‘moment of the explosion, with an up- 
| heaval of the escarp and the base of the 


rampart at its back, great sheets of flame 


| playing strangely over the cotton mines, 


and four great gaps in the escarp where 
the mines had been placed, each forming 
a crater spreading out into the ditch be- 
yond the wall, and filled with stone, chang- 
ed from square blocks into millions of 
shapeless splinters. A storming party, 
six abreast, could have charged through 
each breach ; and what remained standing 
of the escarp was disintegrated through- 
out in structure, and ready to fall into the 
ditch on such slight impulse being given 
to it as the blow from a round shot of the 
smallest calibre. The next experiment in 
such blasting was made on the counter- 
scarp wall of the Lion Ravelin, in about 
the centre of the same line of works. 
Here eight holes had been driven with 
bits at the back of the wall at short dis- 
tances apart. Four on the right of the 
wall revetements were each of 34 in. in 
diameter and 6 ft. in depth. They were 
loaded each with 6 lbs. of gunpowder and 
then tamped in with earth. The other 


| four, on the same face of the counterscarp 


and adjoining, were each 3 in. in diame- 
ter, and were charged with 3.5 lbs. of the 
pulp disc-formed—or, to speak more cor- 
rectly, cylinder-formed—gun-cotton. In 
this latter instance, however, the holes, 
owing to the obstructions met with in 
driving the bits, were sunk “out of line,” 
and, as a consequence, the cylinders of 
cotton could not be packed in them with 
sufficient closeness to insure results of 
any value ; and, in addition to this fault, 
the holes were very wet, so that altogether 
but little was expected from them, and the 
truth of this anticipation was soon con- 
firmed. The four holes charged with gun- 
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powder were connected and fired from | lay with its flat surface resting upon a flat 
the friction battery with good effect. The | stone. The 16 discs hung against the face 
whole of the counterscarp for 16 paces | of the stones, and not upon them, and the 
was thrown into the ditch, and some of | edges of the discs—not the flat surfaces of 
the large stones projected as far as the | the latter—only touched the wall. When 
water channel in the centre. The stones the hung discs were fired they emitted a 
of the counterscarp on either side of the | blinding sheet of light, and sent outa hard 
gap were bulged outwards, and entirely | ringing detonation, equal to that of the 
disintegrated from each other for about | heaviest ordnance, but clearer and more 
three yards. | metallic than the voice of any gun ever 
The general object of these experiments | yet fired. The result was somewhat as- 
is not only to test the comparative merits tonishing. The 16 discs had done less 
of gun-cotton and gunpowder as the means execution than the one. Where they had 
of demolishing fortifications, but also to hung against the wall the stone had 
find out the best and most portable prep- “scaled” off to the depth of two inches, 
aration of gun-cotton which can be used and this, with the exception of a little 
on actual service. Mr. Abel has devoted shaking at the joints, was all. The inten- 
a great deal of time to this subject, and is tion in both instances was to deliver a 
now testing the various preparations he | blow, steam-hammer fashion, on a stone- 
has prepared of this explosive. The ulti- fronted work that should make a sufficient 
mate results can only be known after the hole in the face of the work for a man to 
official report has been sent in to head- | rush up to, under cover of rifle fire, and 
quarters, and as yet the experiments them- | deposit a second charge, the end being, of 
selves have not been brought to an end. course, that a sufficient charge should be 
But, so far as the various minings have at length exploded in the hole thus made, 
been tried, it seems that more than one to bring down the wall and make a breach 
of this gentleman’s preparations are high- | to the attacking party. 
ly approved of by the officers who were eee 
present. One of these preparations is in | \JEw Move or Serrina Borters.—Several 
compressed discs, the cotton being redu- boilers in Sheffield have been set upon 
ced to a pulp as in the cylinder form, and anew plan. By a simple arrangement of 
with this two (preliminary) trials were | fire-clay plates, says the “Sheffield Inde- 
made, which were very interesting, and | pendent,” so managed as not to contract the 
may bear some discussion on the causes | capacity of the flue, at any single point, the 
of the results obtained with them. The | gases, after being thoroughly intermixed, 
cotton is compressed in discs of about the | are at four successive stages in their prog- 
diameter of a small tea saucer, and about | ress through the flue, thrown, in thin 
7 in. in thickness, weighing each about 7 | streams, against the surface of the boiler. 
or 8 ozs. One of these discs was placed | No part of the gases can escape this repeat- 
on one of the massive coping-stones of an | ed forcible contact with the boiler, and in 
escarp masonry wall and fired by wire | the process the heat they contain is so 
connection with the friction battery. The | thoroughly extracted and absorbed that 
disc exploded with a sharp ringing report | the result obtained, as proved by careful 
equal to that of a shotted 40-pounder | tests, is the evaporation of nearly 12 lbs. 
Armstrong gun, and the coping-stone, on | of water for every single pound of fuel, 
examination, was found to be shattered,| common boiler slack being used. This 
as it lay wedged in its bed between the | gives a large saving of fuel as compared 
other stones, into a hundred pieces. The | with the best modes of setting previously 
next experiment with these discs was/in use. The patentees, we understand, 
made with 16 of them strung together (in | guarantee a saving of 25 per cent. The 
two lengths of 8 in each), and hung against | apparatus has the additional advantage 
the face of a counterscarp masonry wall.| of being an effective smoke-consumer. 
If the one disc had done a certain amount | The plan is applicable to any class of 
of damage to the coping-stone of a coun-| boiler ; can be applied without unsealing 
terscarp, what was to be expected from 16 | boilers already fixed ; and the plates being 
euch dises exploded together on the face | of fire-clay, the cost is so moderate as to 
of the counterscarp? The difference in| be very soon repayed by the saving of 
the two cases was this. The single disc | fuel.—Builder. 
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FURNACE BOILERS. 


From ‘*The Engineer. ’”’ 


The jury empanelled to hold an inquest the general practice of furnace boiler en- 
on the eight men killed by the explosion gineering appear in a still worse light. A 
at the Britannia Ironworks, Bradley, have ; very few years since, it was considered by 
returned a verdict over which all sensible many eminent iron manufacturers, that no 
_— = rejoice. Many 3 —_ = Pa | — fuel _ ne —_ the 

eceased persons lost their lives by the | use of the waste heat of pu g and re- 
explosion of an old and much worn steam | heating furnaces in raising steam. This 
boiler, and, in addendum, they expressed was a fallacy, and a reaction set in, which 
a hope that what had been disclosed at resulted in the belief that any amount of 
the inquest might be a warning to the | steam could be had from the waste heat 
owners of boilers, and to persons whose | of furnaces, and that it was quite unneces- 
special duty it is to look after and exam- | Sary to be particular as to the form of 
ine such machinery. The jury stated that boiler used to raise steam, or as to the 
4 “ a a to them > page pe ee the een | gt am to util- 

at notice of the dangerous state of the ize it. is is, if possible, a worse mis- 
boiler had been given to any person whose | stake than the first ; it is certainly a fatal 
duty it was to attend to it—whether mas- | mistake in some respects, whereas the first 
ter, owner, or servant—and that such no- was only an economical mistake. That 
tice had been neglected, and that death steam enough can be raised from the waste 
had ensued in consequence, they would heat in an ironworks, to do all the rolling 
_— iano a aoe — against a Pray | a ae wrt aid ° 

e persons who had neglected so impor- | hand-fired boilers, is certain ; but it is no 
tant a duty. This verdict strengthens the | less certain that to attain this desirable 
hope _ meting: A is not —— when ju- | = - boilers must be ree | a 
ip ice dentin invver ioeevettec anil ate | Wil bn of eek Sonty eommeusions. The 
factories, will return verdicts in accordance | waste heat of any average ironworks is 
with the evidence, and with common sense. | not more than necessary, and if it be im- 

“ a _ | on — av gy used, nro me wane yo “4 
and freely on the evils attending on the an extravagant consumption of fuel w 
existing + tac of repairing vee and | be found absolutely on. eo to keep up 
it is not our purpose here to dwell at length | the proper supply of steam. It is impos- 
on that subject. The failure of the Brad- | sible in an article like the present, to dis- 
a gen” ag — a — which / —_ . sg go og that will suggest 
it is as well we should draw; and gives themselves to the engineer-manager 0 
force to the statement that boiler engi- an ironworks; but we shall call attention 
neering, as exemplified by ironworks prac- , to one or two points which greatly influ- 
tice, is of very nearly the worst possible ence the yield, estimated in terms of power, 
kind. Not only do explosions occur with | to be had from waste heat. 
alarming frequency in our iron districts,| The first thing to be done is to see that 
but they are attended by a loss of life | the machinery driven runs as lightly as 
simak aenilie. Such effects can only possible. i hone many mills Po find 
follow on well-known causes. The facts the smallest attention paid to this point? 
tell us as plainly as possible that furnace | We see rolls out of line, standards loose 
boilers are overworked, badly made, ineffi- | and askew in their bed plates, roll necks 
ciently attended to, and improperly lo- | turned oval or eccentrically to the roll 
cated. This testimony of facts has never, | bodies, coupling boxes and spindles put 
so far as we know, been disputed ; yet we | together “anyhow ;” gearing—well, the 
are at a loss to find any evidence of a/less we say about roliing mill gearing, 
general desire on the part of those engi- | especially in old mills, the better. A 
neers who design ironworks to adopt a bet- | maximum of metal is intended to com- 
ter practice. In a few isolated instances, | pensate for the absence of good design, 
indeed, the case is different ; but such dis- fair proportions, and accurate workman- 
plays of forethought and skill, only make ' ship. We venture to assert that 50 per 
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cent. of the power required in most roll- | any ironworks of moderate dimensions is 
ing mills is expended in driving the ma- | sufficient, if properly used, to find power 
chinery, and we challenge the old school of | for that works, so that hand-firing boilers 
ironworkers’ engineers to dispute the | are totally unnecessary. 
statement. Here, then, is one source of| In order to secure this end, however, 
waste ; enormous quantities of steam are |the mills must run with a minimum of 
required to overcome a resistance which | frictional resistance. The steam pipes 
should not exist, and the boilers are ex- | must be clothed, and the engines must 
pected to compensate for all deficiencies. | work to a considerable extent expansive- 
It is astonishing what a difference there |ly. These things in themselves will ac- 
is between a well set up mill and one out | complish a great deal, but the very essence 
of line and out of order in the matter of | of success lies in the construction and 
resistance. arrangement of the boilers and furnaces. 
If we turn to the engines we find them, | The first should be so arranged, and of 
as a rule, still worse than the mills ; it is |such dimensions, that they may take up 
impossible to conceive how bad a steam | all the heat except that required to secure 
engine can be without going into our iron | a good draught, which is to be promoted 
making districts. Anything that willturn | by the use of high chimneys; and the 
a wheel round will do. The piston and | furnaces should be so dispose2 that the 
valves may be leaky, the bearings all | smallest possible distance may intervene 
pounding and banging, the shafts out of | between the furnace throat and the boiler. 
truth, the guide-blocks thumping up and | It is commonly assumed that the heat will 
down in the slide bars, or the parallel mo- | be too intense, and will injure the boiler 
tion all wrong ; the foundations loose, the if the furnace neck is short ; and this is 
cylinders and steampipes unlagged ; the | perfectly true, if, firstly, the flame is al- 
joints all blowing ; still the excuse is, ‘She | lowed to impinge directly on the boiler 
will drive the mill if there is only steam | plate ; or if, secondly, it is shut up closely 
enough behind her, and it costs nothing | in the small cylindrical flue of a Cornish 
to get steam because of the waste heat.” | boiler. We have seen scores of such 
In practice we find, as a result, that much | boilers, the flues of which were traversed 
more steam is got out of the boilers than | by a perfect hurricane of flame, yet not 
there is any need for, and that fuel is | making very much steam after all, because 
wasted by working furnaces harder than | much of the tube had to be lined with 
they need be worked ; but even this will | brick to protect the plates. By allowing 
not suffice. A case came under our notice | the flame to spend itself in a large space, 
the other day in which a firm was com- | the brick walls of which become red or 
pelled to keep on making puddled bars | white hot, and radiate heat to the boiler, 
for sale for which they had no need, and }all risk of injury may be avoided and 
by which they lost over £800 a year, in | plenty of steam made ; while it is certain 
order to keep steam to drive a mill work- | that a very moderate increase in the dis- 
ing on finished iron. No fewer than 16 | tance intervening between a furnace throat 
furnaces, burning 320 tons of coal per | and a boiler will very greatly reduce the 
week, were employed to get at most |steam-producing powers of the latter, 
300-horse power. This is, perhaps, an | especially with some kinds of coal. 

_ exceptional case, but it is not very excep-| The prominent defects of the ordinary 
tional. We know, for example, that an- | vertical furnace boiler are, that it is en- 
other firm in the north pay £3,000 a year | ormously too large in diameter, and that 
for fuel in hand-fired boilers alone, requir- | all the heating surfaces, or nearly all, are 
ed to supply steam in addition to the fur- | vertical, and, therefore, little more than 
nace boilers. Now, our experience goes to | half as efficient as horizontal surface. In 
prove that any one furnace will, on the | addition, these vertical boilers always 
average, where plenty of furnaces are em- | stand in the middle of a crowd of work- 
ployed, supply steam enough to roll all|men who cannot possibly escape if the 
the iron it can heat into bars or sheets. | boiler bursts. The great defect of the 
The same will hold good of puddling | double and single-flued Cornish boiler is, 
furnaces as regards the conversion of the |that the flame is too concentrated, and 
puddled balls into puddled bars, and it | that there is nothing like heating surface 
follows, therefore, that the waste heat in | enough provided unless the boiler is made 
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of extravagant length. The small quan-|are above and beyond all other boilers 
tity of water contained is also an evil, As|dangerous. They are exposed to a tem- 
to what is really the best form of boiler, | perature higher than other boilers, but 
we shall at present say nothing. That is | excessively and rapidly variable. The 
a branch of our subject to which we shall | water with which they are fed is often 
return. One point is worth notice. In| bad; they are exposed, in a word, to ab- 
some works all the waste gases from the | normal and potent deteriorating agencies. 
furnaces are led into a single culvert, and | In our ironworks, beyond all other places, 
thence taken to a bed of boilers to be | is inspection required; and, glancing over 
employed in raising steam. The gases so | the fearful record of boiler explosions in 
taken from a good heating furnace are ironworks which have occurred within 
worthless. All the air required to secure | the last few years, we feel almost disposed 
complete combustion has already been | to endorse the wishes of the Bradley jury, 
admitted through the bars, and nothing | and to hope that Parliament would under- 
will escape from the furnace that will not | take the inspection of steam boilers gen- 
be consumed within a couple of yards of | erally, by the appointment of proper offi- 
the furnace neck. It is really the waste | cers. We cannot go quite so far as this, 
heat, not the waste gases, of such furnaces | however ; but we do trust that sucha 
that must be utilized in raising steam. | measure may be passed during the next 
The case is different with puddling fur- | session as will insure the proper examina- 
naces, because in certain stages of the pud- | tion of all steam boilers, though not ne- 
dling process air is not freely admitted, | cessarily by Government inspectors. Such 
and the products of combustion can be | an act has become absolutely necessary. 
led to a distance and consumed as though | If it is not asked for and obtained by 
they came from a blast furnace. | users of steam power, others will insist 

But prominent above all other consid-|on the passage of a very different law, 
erations is that of securing perfect safety | infinitely more troublesome and arbitrary 
to the hands employed. Furnace boilers | in its character. 





A SHORT HISTORICAL SKETCH OF METALLIC ZINC. 


From “ The Mining Journal.’’ 


If we may depend on the traditions and | old Greek and Roman authors do not refer 
records of the Chinese, we learn that they |to it; it appears, on the contrary, that 
were acquainted with metallic zine at a|they regard brass and yellow metal as 
very early period, and we must ascribe the | only a colored copper, and the Greek 
first discovery of the metal, like that of | word “ chalkos,” as well as the Latin word 


” 


so many other concomitants of our modern | “aer,” meant both copper and _ brass, 
European civilization, to the inhabitants|though some authors, as Strabo and 
of the East. The fact is, that the metal | others, used sometimes the word “auri- 
was imported from India by the Portu-|chalcum” for the latter. This, however, 
guese, in the seventeenth century, under | only related to the color, and meant 
the name of spianter, or spialter, before | nothing but a gold-like copper. If we 
its nature was recognized in Europe. | consider the difficulty of communication, 
Whether the ancient civilized nations of | the continual and violent political revolu- 
the West were acquainted with metallic | tions in the ancient world, the absence of 
zine cannot be ascertained, but there is a | all the present facilities for spreading and 
great probability that they were. The | preserving any knowledge—further, the 
high degree of development of some of | fact that our historical sources consist 
the ancient nations on the shores of the | chiefly of the fragmentary writings of 4 
Mediterranean, with regard to metallurgi- | few philosophical scholars, we may easily 
cal operations, their very extensive manu- | conceive the possibility that some ancient 
facture and use of brass, make it most | knowledge may have been entirely lost to 
likely that they knew also metallic zinc,|us. Our oldest historical documents are 
and some way of extracting it from its | the writings of Aristoteles (fourth century 
ores. It is true that the writings of the!xs. c.) and Dioskorides (third century 
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B. 0.); they only refer to the manufacture | 
of brass, by admixing an earthy substance | 
(“kadmea”) with the copper. The latter 
author also mentions the application of 
zinciferous deposits from the brass kilns 
for the same purpose, and distinguishes | 
from it the white oxide or flowers of zine, | 
under the special name of “ pompholix.” 
In his description of the latter substance 
he compared its appearance to that of 
wool, which gave rise to the newer alchy- 
mical name of “lana philosophica,” much 
used by the authors of the middle ages. 

As, in general, the principles of the 
Alexandrian scholars, and especially those 
of Dioskorides, were forming the founda- | 
tion of natural science for a long period, 
so it was also the case with regard to their 
views on brass, and the other zinciferous 
substances. The following Roman authors 
—Pliny, sen. (first century a. p.), Strabo 
(first century a. p.), and Festus (fourth 
century A. p.), who left us some treatises 
on natural history —adhered to those 
principles, and throughout the whole 
middle ages, down to the latest time, we 
find them prevailing; the only thing 
worthy of remark for our purpose during 
that period is the origin of some words 
relating to zine. 

From the fifth century a. p., we find the 
name “jutia” employed instead of “kad- 

” or “cadmia,” as well for calamine 

as for the zinciferous furnace deposits. 
Zosimus in the fifth, Geber in the eighth, 
and Avicenna in the eleventh century, make 
use of it in their treatises on brass smelting. | 
Some Arabian authors, also, employed 
the word “clymia,” or “calimia,” synony- 
mously with “jutia,” from which words 
subsequently calamine or “lapis calami- 
naris” was derived. The latter word 
appears first in the writings of Albertus 
Magnus, in the thirteenth century. He 
made a distinction between “ calaminaris ” 
and “jutia,” applying the former word to 
the natural mineral, and the latter to the 
zinciferous furnace deposits, and considers 
them both equally applicable to brass 
making. The word “zinc” or “zinken” 
is of later origin. We find it em- 
ployed, first, in the fifteenth century by 
Basilius Valentinus, without, however, any 
clear definition accompanying it, whic 
even leaves it uncertain whether he meant 
a metal by it or some other zinciferous 
substance. The first who described me- 





tallic zine by that name, and undoubtedly 


in accordance with some of its real prop- 
erties, was Paracelsius (sixteenth cen- 
tury), although it would appear that his 
notion did not generally prevail, for down 
to the end of the seventeenth century a 
general confusion existed about the use 
of the word. Some authors employed it 
for the zinciferous furnace deposits, some 
for bismuth, cobalt, and other metals. 
It was only at the commencement of the 
eighteenth century that the ideas on the 
nature of brass and zinc became clearer. 
Kunkel announced in the year 1700, and 
Stahl conclusively in 1718, that calamine 
required to be reduced to zinc before it 
would combine with copper during the 
brass smelting process. The notion pre- 
vailed, however, for some years afterwards 
that a reduction of calamine into metal 
was only practicable when copper was 
present, until Schwab in 1742, and Mark- 
graf in 1746, published some methods of 
zine distillation by means of fire-standing 
retorts. 

From this time we meet also with 
credible records of practical enterprises 
for carrying out the distillation of zinc on 
a large scale. For many centuries three 
districts in Europe were chiefly noted for 
producing zine ores—some parts of the 
South of England, the neighborhood of 
Aix-la-Chapelle, near the Rhine, and the 
environs of Beuthen, in Upper Silesia. 
It is certain that the calamine mines of 
Altenberg, near Aix-la-Chapelle, have 
been worked from about the year 1430. 
In 1565 the first concession was granted 
for starting a calamine mine, near Beu- 
then in Silesia, where many mines were 
soon after opened, of which the Scharley- 
grube was, and is still, the richest. At all 
these places the ore formed an important 
article of trade, and was sent (especially 
from Aix and Beuthen) to the various 
distant brass works. It is obvious that 
from these places the first efforts pro- 
ceeded for extracting metallic zinc on a 
large scale, and in England, Dr. Isaac 
Lawson seems to have been the first 
who succeeded in introducing a practical 
method for that purpose; certain it is 
that in the year 1758, a patent was grant- 
ed in the name of Champion for a method 
of extracting zinc from blende, called at 
that time “black jack,” “mock jack,” or 
“bragill.” The first works were erected 
in the neighborhood of Bristol, and were 
described by Watson, who visited them in 
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1766. According to his reports, their 
method was very similar to that in use in 
England to so recent a period as 20 years 
ago ; it was a “distillatio per descensum,” 
and forms the basis of the old English 
system for reducing zinc. In this pro- 
cess the distillation took place in closed 
crucibles ; the volatilized zinc was made 
to pass through an orifice at the bottom 
of the crucibles into a vertical iron tube, 
where the vapors of the metal were con- 
densed, and dropped into a vessel con- 
taining water standing beneath it. The 
furnaces used were either rectangular or 
round, with a fire-place in the middle, 
surrounded by the crucibles. This method 
was the only successful one employed 
throughout Europe for even about 50 years, 
and it attained considerable development, 
so that it competed for even 20 or 30 years 
longer with the newer methods, which are 
generally adopted under the name of the 
Belgian and Silesian systems, and which 
are more open to modifications and im- 
provements. Both these systems origi- 
nated about the beginning of the present 
century, when almost contemporaneously 
(in the years 1808 and 1809) patents were 
taken out by the Abbot Donny at Liege, 
and J. Chevalier Ruberg at Wessola, in 
Silesia, for new methods of reducing 
zinc. 

The principal difference between the 
three methods mentioned lies in the form 
of the clay vessels or retorts introduced 
for the reduction and distillation of the 
metal. In the English process that vessel 
consisted of a large crucible, in the 
Belgian it represents a cylinder, and in 
the Silesian process a somewhat oblong, 
flat-sided tube, termed muffle. It is hard- 
ly necessary to say that this difference in 
the shape of the retorts arose originally 
f-om the way which the inventors found 
to succeed best in their first trials to ex- 
tract the metal. Ruberg, for instance, 
performed his first experiments by means 
of a common assaying muffle, as used for 
cupellation. These muffles are generally 
of a semicircular front, and so we find 
them also employed for the zinc smelting 
process in Silesia to about the year 1835, 
only of larger size. The peculiar shape 
of the retorts influenced the arrangement 
of the furnaces of the different systems. 
Of the Belgian tubular retorts several 
horizontal rows could be placed in one 
furnace, forming an arched chamber with 





a fire-place beneath, whilst the flat-bot- 
tomed muffles only allowed of the arrange- 
ment of a single horizontal row along both 
sides of a fire-place, covered over by a flat 
arched vault. By such a disposition it 
was practicable, both in the Belgian me- 
thod as well as in the Silesian method, to 
fix the condensing apparatus entirely out- 
side the furnace, convenient to the work- 
man, and facilitating as much as possible 
the operations of charging and discharg- 
ing the retorts. This is one of the great 
advantages which the two newer systems 
exhibit in comparison with the old Eng- 
lish one. Another is in the practicability 
of enlarging the furnaces, the original size 
of which was undoubtedly small. Even 
the first improvements were not as much 
directed towards the enlargement of the 
furnaces as towards that of the retorts. 
In the first place, the necessary tempera- 
ture for the reduction of the zinc ores, 
and especially the great advantage of a 
swift process, were underestimated. Most 
of the Silesian zine works, to the year 1835, 
employed muffles of 18 in. width inside, 
which of course only required to be charg- 
ed once every two or three days, without 
even then allowing of a complete exhaust- 
ion of their charges. Similar anomalies 
we meet with also in the Belgian system. 
The size of the retorts forms, no doubt, 
one of the most important elements in 
the zinc smelting process, and the develop- 
ment of our two present methods is chief- 
ly due to the recognition of this fact. 

It has been mentioned already that in 
the second half of the last century the first 
zinc works were commenced in England ; 
so also the discovery of the two methods 
in Belgium and Silesia was soon followed 
by the erection of zine works in those 
countries. The first one in Belgium was 
that of St. Leonard, at Liege, and in Sile- 
sia, the Lydogniahuette, at Koenigshuette, 
a starting about the years 1809 and 

810. 

However, the practical application of 
metallic zinc was still at that time a very 
limited one. Zinc was regarded as a brit- 
tle metal, not suitable to be worked by 
itself, and though Hobson and Sylvester, 
at Sheffield, proved by some experiments, 
in the year 1805, its ductility and fitness 
for being rolled into sheets, the only appli- 
cation of it was to the manufacture of brass 
and yellow metal ; but even for this pur- 
pose the use of calamine was kept up for 
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some time. No wonder that the demand 
for spelter, and, consequently, the activity 
of the smelting works, were very limited. 
At intervals, under the influence of specu- 
lation, the price of the metal advanced 
sometimes to a considerable extent, but 
only to decline afterwards. No metal has 
undergone in modern days such extremes 
in price as spelter ; frequently we find it 
varying on the Continent from £10 to £75 
per ton within the last fifty years, and it 
is obvious that such a state of things could 
not be favorable to the development of 
the spelter trade in general. 

Step by step, however, this unsteadi- 
ness ceased with the rapidly spreading re- 
cognition of its almost unparalleled ad- 
vantages for many technical purposes. 
Great progress was made in this direction 
by the successful application of the metal 
to artistic and monumental castings, ap- 
plied first at the Royal Iron Foundry at 
Berlin, in the year 1833. Even in the ear- 
liest times bronze was proved to be the 
metallic substance most suitable for such 
castings, and it will, no doubt, continue 
so for the classic monumental art. The 
costliness of bronze, however, limits con- 
siderably the common use of it in the or- 
namental line, and the want of a more 
generally applicable substitute led long ago 
to many experiments with cheaper metal, 
as, for instance, cast-iron, and even lead. 
The difficulties connected with the casting 
of large iron statues, and with the chisel- 
ling of them afterwards, are great points 
against the use of this metal, whilst its 
exceeding softness, ponderosity, and con- 
sequent instability, render the latter al- 
most unfit for the purpose. Zinc, on the 
other hand, offers, by its natural proper- 
ties, and its comparatively low price, every 
qualification for it. The only difficulty 
in its employment lay in the method of 
casting. Experience showed that full 
round castings of zinc would not succeed 
by means of the traditional closed loam 
moulds, and it is the merit of the 
above-mentioned foundry to have in- 
troduced a new method which offers 
many considerable advantages over 
the old one. The principle of this new 
method lies in the casting of zinc in dif- 
ferent parts in open sand-moulds, and in 
joining such parts afterwards by soldering. 
This process has now been brought to ex- 
traordinary perfection, and, united with 
some modes of pressing sheet-zine into 





ornamental articles, and of producing 
small hollow castings by means of cast- 
iron moulds, forms the principal industry 
of large establishments. 

Great progress in the application of 
zine was also made by substituting it for 
tin as a protecting coat for iron articles, 
chiefly for iron sheets for roofing, ete. 
The first patent for coating iron with 
zine was granted to Mr. H. W. Crawfurd 
in 1837. His process, described in the 
“Repertory of Patent Inventions,” is al- 
most similar to that still in use at onr 
present galvanizing works. It consisted 
briefly in cleaning the iron objects by im- 
mersion in a bath of water, acidulated 
with sulphuric acid, scouring and washing 
them afterwards, and dipping them into 
melted zinc, covered with a layer of sal- 
ammoniac. They were then slowly re- 
moved, to allow the superfluous zinc to 
drain off, and thrown, whilst hot, into 
cold water. Iron treated in this way 
shows a great resistance to the destructive 
influence of the atmosphere, and the ap- 
plication of this process, therefore, came 
soon into general use. We may estimate 
the quantity of spelter now consumed in 
Europe for zincking or galvanizing pur- 
poses to be above 10,000 tons per annum. 
The above-named properties of zinc ren- 
dered it one of the most useful metals; 
and, moreover, if we add to this its high 
importance for the electric telegraph, and 
its enormous consumption in the form of 
sheets, as well as oxide, we can readily 
account for the present great development 
of the spelter trade. It is impossible to 
name all the purposes for which zinc sheets 
have been introduced, with almost unpar- 
alled success during the last 30 years, 
and the number is still evidently increas- 
ing. It will, probably, be the subject of 
an extra paper to go more extensively in- 
to this matter, in connection with the roll- 
ing process, and the manufacture of zinc 
oxide. 

With the beginning of the fourth de- 
cenary of our present century we find 
metallic zinc to have gained ground so far 
in manufacture and art, that it appeared 
quite indispensable to them. In the chief 
calamine districts of Europe large com- 
panies were formed for extracting and 
working the metal, and, though some 
great fluctuations in the zinc market were 
experienced, as, for instance, in the years 
1848 and 1849, when the price of zinc in 
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Breslau (capital of Silesia) declined to an 
average of only £11 5s. per ton, yet a 
rapidly increased demand, and a propor- 
tionate production, always followed. The 
average price of spelter has been for the 
last 20 years about £20 per ton; the maxi- 
mum price during this period was that of 
the year 1857, when it averaged £27 6s. 
per ton, and the minimum that of 1861, 
with an average of £15 7s. 3d. per ton at 
Breslau. 

The yearly production of spelter in 
Europe amounts now to 100,000 tons at 
least, of which quantity about 50,000 are 
made in North Germany, 35,000 tons in 
Belgium, and 15,000 tons in England. 
The largest establishments for smelting 
and manufacturing the metal are those 
of the Vieille Montagne Company, in 





Belgium; the Schlesische Actiengesell- 
schaft, in Silesia; and the works of Messrs. 
Vivian and Sons, in England. The metal 
has attained an importance through the 
whole civilized world, which places it 
amongst the most valuable treasures of 
national wealth in several countries, and 
ranges it by its applicability and cheap- 
ness next to iron amongst our most use- 
ful metals. Large quantities are annually 
exported to the remotest places of the 
globe, and it is curious, and no less satis- 
factory, to note the alteration in the direc- 
tion of the spelter trade. Two hundred 
years ago we find the metal was exported 
from India to Europe; now large ship- 
ments of it (by far larger quantities than 
we ever received) are being made from 
Europe to Asia. 





DESCRIPTION OF THE HYDRAULIC BUFFER. 


By COLUNEL H. CLERK, R.A., F.R.S. 


From “The Engineer.’’ 


In consequence of asuggestion made to 
me in October, 1867, by C. W. Siemans, 
Esq., C.E., F.R.S., to try the effect of 
water to check the recoil of heavy guns, 
I submitted to the Secretary of State for 


zi i) 


War a compressor or buffer on the above 
principle. It has been tried with guns 
varying in weight from only 150 lbs. up 
to 25 tons, and in all cases the results 








have been most satisfactory. The amount 
of recoil can be regulated to a great 
nicety, and the motion is smooth and 
regular. 

It consists of a wrought-iron cylinder 
closed at one end, the other end fitted 
with a cap and stuffing-box, through 
which a piston-rod passes. The length of 
the cylinder and piston-rod are regulated 
by the amount of recoil required, or the 
space within which it is necessary to bring 
the moving body to rest. The piston fits 
well into the cylinder, and is perforated 
with four small holes. The ratio between 
the diameter of these holes and that of 
the cylinder is determined by the amount 
of work required to be performed on the 
water with which the cylinder is filled, 
enough air space being left to allow of the 
displacement of water by the length of 
the piston-rod due to the recoil. This air 
space also acts as an elastic buffer, and 
takes off the violence of the first impact of 
the piston on the water. The cylinder is 
firmly attached to the platform on which 
the carriage recoils, and the end of the 
piston-rod to the carriage itself ; so that 
on the discharge of the gun the carriage 
drives the piston through the water with 
an initial velocity V, whilst the water has 
to pass through the holes with an initial 
velocity R V, R being the ratio between the 
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area of the cylinder and of theholes. This 
buffer has not only been used on shore 
with guns up to 25 tons weight, but also 
at sea, with light guns of only 1} ewt. and 
8 ewt. in boats, and lately with 9 in. guns 
of 12 tons on board H.MLS. Prince Albert, 
in all cases with equal success. 

In place of water it has been recom- 
mended to use oil, as there is less chance 
of corrosion taking place if the cylinder 
is kept full for any lengthened period, and 
no danger of the fluid freezing in ordinary 
frosts. The oil used for this purpose is |’ 
Field’s Rangoon oil, which does not be- 
come thick except in very cold weather, 
when Field’s non-freezing oil may be used. 
A small quantity of caustic soda in the 
water has been found to keep the cylinder 
perfectly clean and free from rust for 
many months. The satisfactory manner 
in which this buffer has worked in check- 
ing the recoil of a gun of 25 tons weight 
leads me to anticipate that it could be 
most usefully applied towards prevent- 
ing, or very sensibly diminishing, the 
destructive effects of a railway collision, 
for, as by means of this hydraulic 
buffer a force of impact varying from 
1,200 foot-pounds up to 54,000 foot-pounds 
has been easily overcome in distances 
from 16 ins. to 60 ins., and on inclinations 
varying from +- 10 degs. to — 4 degs., I 
see no reason why the principle should 
not be extended to overcome a force of, 
say, 1,500,000 foot-pounds in 60 ins. 

In checking the recoil of a gun the ve- 
locity to be dealt with seldom exceeds 
10 ft. or 12 ft. per second, but in the case 
of a railway collision it is very different ; 
there we have to deal with very high ve- 
locities. It is, therefore, necessary to 
ascertain how the hydraulic buffer will 
act under these circumstances. For this 
purpose I have been carrying on a series 
of experiments at velocities up to 44 ft. 
per second, or 30 miles an hour, and now 
forward a short account of them for the 
information of the members of the British 
Association. 

Two sets of experiments have been 
made, one with a cylinder 4ins. in di- 
ameter, the other with one 8 ins. diameter. 
With the former the velocities tried were 
10 ft., 15 ft., 20 ft., and 25 ft. per second, 
with weights of 2,324 Ibs., 1,162 lbs., and 
581 lbs., and with ratios between the di- 
ameter of cylinder and holes in the piston 
of 15, 21, and 27. With the latter the 
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velocities were 10 ft., 15 ft., 20 ft., 25 ft., 
30 ft., 35 ft., 40ft., and 44 ft. per second. 
The weights were 1,162 lbs., 2,324 lbs., 
and 4,648 lbs.; the ratios 15, 12, 9, 7, and 
6. The velocities were obtained by draw- 
ing a truck (loaded to the proper weight) 
up an incline plane of 47 degs. to the 
proper height, and suddenly releasing it, 
(a small deduction has to be made for 
friction). The truck ran down the slope, 
and striking the end of the piston-rod 
drove it in, till the resistance of the water 
overcame all the force of the impact. The 
cylinder, with piston-rod drawn out, was 


....20 ft. per second. 


+ eecccccee. 2da4 Ibs, 


Curves formed by piston, 
end of stroke. 


-- Curves formed by truck. 
— — — — Point of contact with india-rubber buffers at 


Velocity on impact........ 


Weight of the moving body..... 
No. 2.—Curve obtained by the use of taper rods as in Fig. 2, the area of 


No. 1.—Curve due to piston with holes as in Fig. 1, the ratio (R) of the 
discharge diminishing as the piston is forced up. 


area of discharge to that of piston being as 1 to 7. 
No. 3.—Curve obtained by using a solid piston and air alone. 


fixed at the bottom of the incline plane, 
about two trucks’ length from the end of 


‘the slope, and was securely bedded in a 
| block of wood propped up behind to pre- 
‘vent its moving. Above the cylinder was 


fixed a light barrel, 6 ft. in length, made 
to rotate at the rate of one revolution per 
second, on which was fixed a sheet of 
drawing paper ; to the end of the piston- 
rod was fixed a pencil, kept in contact 
with the rotating barrel by means of a 
light spiral spring, so that at each collision 
the piston-rod transferred to the paper 2 
curve showing the time occupied in pass- 
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ing over every portion of the space 
through which it was driven. From these 
curves a series of tables have been formed 
showing the velocity of the piston-rod for 
every 2 ins. of the stroke. The diameter 
of the rotating barrel was 12 ins., so that 
one second of time was represented by a 
space of 37.7ins. Another pencil was 
attached to the truck in a similar way to 
the one on the piston-rod; thus two 
curves were obtained—one of the motion 
of the piston through the water, the other 
of the truck when in contact with the 
piston-rod. A disc of Clarkson’s material 
(a combination of cork and leather) was 
fixed to the end of the piston-rod, and 
another to the front of the truck where it 
came in contact with the piston-rod, in 
order to deaden the force of the blow. 
Two discs of india-rubber were fixed to 
the wood block in which the cylinder was 
bedded, against which the truck struck 
in those cases where the force was suffi- 
cient to drive the piston right home. 
The amount that those india-rubber discs 
were compressed was self-registered, and 
the value of such compression in foot- 
pounds having been previously ascertain- 
ed, we are enabled to estimate the remain- 
ing force with which the truck struck the 
cylinder block at low velocities. By vary- 
ing the amount of water in the cylinder 
we could arrange that the truck could 
just touch two percussion caps fixed on a 
plate in front of the india-rubber rings 
without exploding them, the force re- 
quired to explode a cap being about one 
foot-pound. 

In order to ascertain the effect of the 
collision on the truck, or rather, what 
would be the shock a passenger would re- 
ceive under such circumstances, a weight 
of about 6 lbs. was attached by a piece of 
thread (to keep it in its place on the in- 
cline) to the end of the truck farthest 
from the piston-rod. On collision taking 
place the thread was broken, and the 
weight driven forward for a space of 12 
ins., when it struck against a spiral steel 
spring, and compressed it according to 
the force with which it was struck. By 
means of a pencil attached to the spring, 
the amount of compression was self- 
registered, and the value of this com- 
pression having, as in the case of the 
india-rubber rings, being previously ascer- 
tained, the force in foot-pounds with 
which the weight was driven against the 





spring was obtained. The same relative 
quantities of water and air were used in 
all the experiments: In a 4-in. cylinder, 
water, 380.6 cubic ins.; air, 97.8 cubic 
ins.; total capacity of cylinder, 478.4 
cubic ins.; diameter of piston-rod, 1.5 in. 
In an 8-in. cylinder, water, 2,794 cubic 
ins.; air, 424 ins.; total capacity of cylin- 
der, 3,218 cubic ins.; diameter of piston- 
rod, 2.375 ins. Ratio of thickness of 
piston to diameter of holes 2} to 1. 

Different descriptions of fluids, such as 
oil, glycerine, and methylated spirit, were 
tried as well as water. Some of the 
curves thus obtained were exhibited in 
diagrams at the meeting. 

With a perforated piston the resistance 
of the water is not uniform, being greatest 
at the commencement, or rather at that 
point where the air has received its maxi- 
mum compression. It was therefore con- 
sidered desirable to try the effect of uni- 
form resistance, and Mr. Butter (Con- 
structor R. C. D.) suggested a very simple 
mode of doing this. It consisted in fixing 
along the length of the cylinder four 
tapering rods, which passed through the 
holes in the piston; these holes were 
considerably enlarged, and the smallest 
ends of the rods being towards the front, 
there was a large area for the water 
to pass through in the first instance, 
gradually diminishing in proportion to 
the increasing velocity of the piston, thus 
keeping up an uniform velocity of flow 
through the holes. Some of the curves 
obtained with this arrangement, together 
with section of the buffer, are shown in 
the diagram above. In order to get the 
effect of an air-buffer, for the sake of com- 
parison, a solid piston, fitting well in the 
cylinder, was also tried. 





i ie following is a German recipe for 
coating wood with a substance as hard 
Forty parts of chalk, fifty of 
resin, and four of linseed oil, melted to- 
gether; to this should be added one part 
of oxide of copper, and afterwards one 
part of sulphuric acid. This last ingredi- 


as stone: 


ent must be added carefully. The mix- 
ture, while hot, is applied with a brush. 





i by temporary Blackfriars Bridge is rap- 
. idly disappearing ; the footways are 
already in great part removed. 
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ANGLO-FRENCH COMMUNICATION. 


By ZERAH COLBURN. 


From ‘ Engineering.” 


From the period of the Roman inva- 
sion down to the present day, the English 
Channel has never been crossed otherwise 
than upon its own surface—unless the 
late Mr. Green’s aérial voyage be an ex- 
ception. Neither Julius Cesar, however, 
nor William of Normandy lived in a rail- 
way age, and but for the miseries of sea- 
sickness, they doubtless preferred the sail 
to the best roads of their respective times. 
But since railways have become the rec- 
ognized means of communication on land, 
the question has been pressed, and of late 
very urgently pressed, whether they may 
not be also made available for communi- 
cation—not exactly upon the water, 
although there is a floating railway across 
the Upper Rhine—but over or beneath 
the water, and especially over or under 
the comparatively narrow and shallow 
strait which separates our island from the 
Continent. There are soi-disant patriots, 


it is true, who would on no account wit- 


ness the loss of our absolutely insular 
position, patriots to whom England is a 
castle, and the stormy Channel its moat, 
and who would not have so much as a 
drawbridge thrown across that moat, or 
a hidden way mined beneath it. Such con- 
siderations are, however, apart from the 
present purpose, which is, not to inquire 
into the international policy or financial 
expediency of solving this great intercos- 
tal problem, whether by a bridge, ferry, 
or a tunnel, but to examine, very briefly, 
the engineering and constructive aspects 
of these proposed works. It is probable 
that the greater the apparent impractica- 
bility of either or all of these schemes, 
the greater the general interest they at- 
tract, and perhaps the same interest may 
be said to exist also among the members 
of the engineering profession. 

The question of bridging the Channel 
has been mooted, and at least one scheme 
has attained some degree of public promi- 
nence. The designer’s first proposal was 
to jump the Channel at a single leap; but 
whether out of his regard, as has been as- 
serted, for the wishes of the Emperor, or 
from a willingness to conform to certain 
immutable laws of nature which render 
such a plan impossible, he subsequently 





modified his design so as to include ten 
spans, and it has been since heard that he 
is willing to extend their number and re- 
duce their width to twenty, of one mile 
each. Whether even such a superstruc- 
ture, to say nothing of the piers in a 
maximum depth of 200 ft. of water, and 
rising more than 200 ft. above its surface, 
would or would not be practicable, is a 
question which may be safely left to those 
really competent to deal with it, and of 
these the designer himself can hardly be 
considered to be one. 

Of the entire practicability and great 
advantage of a Channel ferry there can be 
no doubt whatever, whether it be estab- 
lished between Dover and Calais, or be- 
tween Dover and Audrecelles. It is quite 
practicable to ship and unship passenger 
and goods trains bodily, and thus to run 
them through, both ways, between London 
and Paris. Boats suited for this purpose, 
and harbors capable of receiving them, 
could be constructed within a few years 
at a cost much less than that of any tun- 
nel, whether laid on the bed of the Chan- 
nel, or carried through the chalk at any 
depth below it. Such boats would be in 
as striking contrast to the existing 
Channel service as that afforded by our 
finest hotels on the one hand, and the most 
uncomfortable lodging-houses on _ the 
other; or, if another illustration be need- 
ed, the most luxurious express saloon car- 
riage and the most cheerless third-class 
conveyance to be found on any railway in 
the kingdom. But any boat service what- 
ever, however excellent it may be, has its 
necessary drawbacks. No ferry boat, 
even if nearly as large as the Great East- 
ern itself, could wholly prevent the possi- 
bility of sea-sickness, that unspeakable 
horror of so large a proportion of all 
landsmen, of whatever nationality. The 
time occupied in shipping and unshipping 
trains, however expeditiously the work 
was performed, would be considerable, 
and however, high the speed of the boat 
as a boat, it could not exceed one-half 
that easily attainable by a railway train. 
As to the relative safety of a boat service 
and a train service, it is not now neces- 
sary to inquire, although something, if 
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| 
not, indeed, much, might be urged with 
reference to collisions in fogs or storms. | 
But the chief objection to boats would be | 
their high cost of working and mainte- 
nance. As it would not answer the con- 
venience of the public to detain a boat un- 
til two, three, or more trains had arrived 
at either port, a boat would be required 
for every train, and its working charges 
might, therefore, be fairly compared with 
those of a single train. The consumption 
of coal alone, with boats of the proposed 
size and speed, would be from fifteen to 
twenty times as much as that for the train | 
if run across by itself. The repairs and | 
depreciation of the boats would be very 
much greater, per pound of their value, 
than that of the train, and the boats them- 
selves could hardly cost less than £100,000 
each, while the train carried, including 
the cost of engine and tender not carried, 
would not represent a cost much above 
£6,000 or £8,000. The wages of captain, 
engineers, firemen, stewards, porters, and | 
crew, would obviously be far beyond those 
of the three or four men working the train | 
by itself, and these, and all other working 
charges, would be divided, mile for mile, 
upon a very much less number of miles 
per annum than the number made by the 
train if run by itself. There would not, 
of course, be any permanent way charges 
with which to debit the boat, running on 
Nature’s own highway, but as to capital 
charges, the interest upon the cost of the 
harbor works alone would probably be 
equal to that upon a railway costing 
£100,000 per mile. It is morally certain 
that a large Channel ferry, with a full 
complement of steamers, could be main- 
tained only by a very decided advance in 
the fares, whether between the opposite 
coasts alone, or between London and 
Paris. Assuming that even as many as 
one hundred passengers were taken across 
in a single train, the capital charges and 
working expenses would probably amount 
to £20 per trip, assuming the boat to 
make 1,000 trips of 20 miles each per 
annum, and thus the charge per passen- 
ger would be 4s. for 20 miles, or nearly 
3d. per mile. The carriage of goods, 
specie, etc., would lessen this rate, but it 
is as likely also that the average number 
of passengers per trip would be very much 
less than 100. Nor is it at all certain that | 
each boat could make 4 trips daily for 250 | 
days in the year. None of these reasons, 
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however, patent as they are to the obser- 
vation of all, are conclusive against the 
Channel ferry. On the contrary, the ferry 
is the only means of maintaining compar- 
atively expeditious and comfortable com- 
munication, of which the absolute 
practicability is beyond all question, while 
it could be got to work within probably 
2, 3, or at most 4 years, and at a cost, in- 
cluding harbors, of probably little more 
than £2,500,000. 

That branch of the question which pos- 
sesses real interest—surpassing interest 
of uncertainty—at least for the engineer, 
is that relating to a subaqueous way across 
the bottom of the Channel, or a regularly 
excavated tunnel 100 yds. or so deeper 
down in the gray chalk or clay itself. It 
is, perhaps, the certainty (the question of 
first cost being for the moment dismissed ) 
that a tunnel, once made, would prove the 
very best of all means of crossing the 
Channel, and the qualified nncertainty 
whether such a tunnel is even practicable 
at all, that give to the tunnel its great, its 
even seductive interest to engineers. It 
need hardly be said that tunnels under 
water, or rather through the earth beneath 
the water, are anything but new or un- 
usual. For very many years the tin miners 
of Botallack, in Cornwall, have driven 
their headings to a good distance beneath 
the very bed of the Atlantic itself. Just 
60 years ago Trevithick nearly eompleted 
a tunnel beneath the Thames between 
Wapping and Rotherithe, and but for im- 
prudently making a bore hole from the 
roof through to the river bed, this tunnel 
would no doubt have been successfully 
opened. Ralph Dodd had made the same 
attempt before. Brunel’s world-famed 
tunnel requires no remark, and it will be 
but a few weeks before Mr. Barlow’s tubu- 
lar subway will be carried through from 
the Middlesex to the Surrey shore. The 
longest tunnel under water is that, two 
miles in length, of the water-works at 
Chicago, United States. This tunnel, al- 
though but 5 ft. in diameter, is carried 
out to where the water above it is 40 ft. 
deep, the tunnel itself being 30 ft. below 
the bed of Lake Michigan. There is also 
a tunnel under the Chicago river at the 
the same place. At home we have no less 
than 3 schemes for tunnelling beneath the 
Mersey, at Liverpool, and 3 for tunnelling 
beneath the Severn below Gloucester, and 
in both instances one of the 3 schemes 
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will in all probability be yet carried out. 
Provided only the bed of the channel or 
river beneath which the tunnel is to be 
made is nearly or quite impervious, under- 
water tunnelling is no more difficult than 
underground tunnelling. And there may 
be shafts, even, to under-water tunnels, 
just as the Chicago lake tunnel has its 
shaft through which the water supply is 
taken, but which was employed, during 
construction, for the ordinary purpose of 
giving a second working face and for dis- 
charging the excavated materials—this 
shaft being 2 miles from shore. This 
tunnel was carried through a continuous 
bed of tenacious clay, as impervious to 
water as marble itself. But in the pro- 
posed Channel tunnel, to be made at a 
depth of about 500 ft. beneath the surface 
of the sea, it is needless to remark that a 
single fissure in the chalk, however nar- 
row, would be rapidly widened by the 
tremendous abrasion of water under the 
great pressure of 200 lbs. per sq. in. ; so 
rapidly that probably no efforts to clear 
the workings could be expected to succeed. 
A fault of great vertical magnitude is well- 
known to divide the chalk beneath London, 


although neither the precise line of this 
fault, to within a few yards, nor the width, 
if any, to which the chalk bed is separated 


at the point, is known. Whatever may 
be inferred from the geological analogies 
of the chalk on the English and French 
coasts, it cannot for a moment be posi- 
tively asserted that a fault beneath the 
middle of the Channel does not exist, nor, 
it is as well to add, can it be asserted, on 
the contrary, that a fault does exist. The 
question can only be settled by a trial 
heading or driftway; and, whatever the 
real danger, there are plenty of navvies and 
miners who, knowing no fear, are ready 
and willing to face it, when the eminent 
engineer, whose name is connected with 
the proposed undertaking, finds himself 
in a position to give the word. Let 2 
headings, each 11 miles long, once be 
carried out to meet each other beneath 
mid-channel, and the success of the tunnel, 
so far as its completion is concerned, is 
assured. It would be a matter of long 
and tedious boring and blasting, and one 
in which uncertain millions would certainly 
be swallowed up, but it would all come 
right at last, supposing, of course, that by 
previous experiments upon that thirsty 
material, chalk, no excessive infiltration of 





water under a maximum pressure of 200 
Ibs. per sq. in. was found to take place, 
and there would be 24 acres of roof of 
each heading of 9 ft. in width, the ceiling, 
if it may be so termed, of each heading 
of 9 ft. width amounting to rather more 
than an acre per mile. 

There are two distinct schemes for a tun- 
nel beneath the bed of the Channel, but 
the same general certainties and uncer- 
tainties apply to both. It is only from 
geological inferences that either can claim 
superiority over the other. It would re- 
quire space far beyond the limits of the 
present paper to deal even with the 
geological aspect of the question alone. 
It is but right, however, to remark that 
geological evidence, as far as it goes—for 
the materials at command are scanty— 
points strongly to the probability of the 
complete continuity and homogeneity of 
the chalk which forms the upper beds of 
the broad and shallow submarine valley 
separating our island from the Continent. 

Bridging, steam-ferrying, and tunnel- 
ling fall within the ordinary range of 
engineering. But no engineer has yet 
attempted to lay down a railway upon the 
bottom of the sea itself—a railway, the 
passengers of which, like the Israelites of 
old, should go over, or, rather, under, 
dry-shod, not only with a dense wall of 
water on either side, but with 30 fathoms 
or so over their heads. It is not the pur- 
pose, here, to enter at length upon the 
relative advantages and disadvantages of 
subaqueous ways—a term employed 
merely to distinguish railways on the 
Channel bed from those in _ tunnels 
beneath it—as compared with railways 
deep down in the chalk. As, however, the 
remainder of the present paper will be 
chiefly devoted to the examination of the 
mode of constructing subaqueous ways, 
it will be but fair to enumerate the objec- 
tions which may be urged against them. 
They are these : 

Beyond some amount of uncertainty 
necessarily attaching to the laying of such 
ways, they might, possibly be injured by 
the dragging anchors of vessels, or broken 
in two by the sinking wreck of an iron 
steamer dropping upon them. They 
might, possibly, suffer at the shore ends, 
where they rose to within the action of 
the waves in heavystorms. They could 
always be destroyed wantonly, and with 
little fear of detection, by sinking a charge 
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of gunpowder upon them, at any portion 
of their length, and then firing the charge, 
at a safe distance, by electric wires. It 
might be urged, too, that a large tube, 
especially where it rose like a huge groyne, 
in-shore, might cause injurious disturb- 
ances in the Channel bed, thus affecting 
navigation. In any case, the tube could 
be started and carried forward from but 
one end only, as it would be out of the 
question to attempt to bring together, 
water-tight, the two closed ends, or for 
that matter the open ends, of two tubes 
in mid-channel. 

These appear to be the principal, if not 
all, of the possible objections which could 
be urged against subaqueous ways. The 
weight of these objections depends prob- 
ably more upon the individual opinions of 
those who advance or refute them than 
upon any evidence capable of demonstra- 
tion. As for the dragging of anchors, the 


various proposals (and. there are several) 
for tubes on the bed of the Channel pro- 
vide for routes well off the Varne and 
Colbert banks, and, it need hardly be said, 
miles to the westward of the Goodwins ; 
routes upon which vessels would seldom 
have occasion to anchor at all, even in the 


worst storms. Were an anchor dragged, 
however, with a force of even 150 tons 
—the highest chain cable test of Lloyd’s 
proving house—this could not make any 
definite impression upon a continuous tube 
weighing 8 tons or more per foot of its 
length, for to move at all at least a quarter 
of a mile of tube weighing 10,000 tons 
would have to be dragged upon the 
Channel bottom. As for breaking the 
tube, say 4} in. thick of cast-iron with a 
lining of one foot of brick work, the 
chances would appear extremely improb- 
able. But a greater security will appear 
when it isconsidered that a cast-iron,tube, 
say 14 ft. in diameter, and having no outer 
flanges, presents no point upon which an 
anchor could bite. The chances of an 
iron vessel foundering exactly across the 
line of the tube are, to say the least, by no 
means numerous. Inshore, that is to say 
in shoal water, the tube would require to 
be protected by strong parallel break- 
waters, as much to prevent vessels 
grounding across it as to prevent the ac- 
tion of the waves upon it. The risk of 
possible destruction by malice—the 
crushing in of the crown of the tube by the 
explosion of gunpowder upon it in 10, 








20, or 30 fathoms of water—is a risk of 
which each one must form his own esti- 
mate. This mode of destruction, the 
consequences of which would be irrepar- 
able for all time, could most certainly be 
resorted to by hostile or merely malicious 
feeling, with almost no chance at all of 
detection, whereas neither a bridge nor a 
tunnel deep down in the chalk could be 
destroyed without some difficulty, and the 
certainty of the timely discovery of the 
attempt. 

The various proposals for laying sub- 
aqueous ways upon the bed of the 
Channel are as distinct from the ordinary 
range of bridge and tunnel engineering 
as the making and laying of submarine 
cables are distinct from the construction 
of land telegraph lines. Of what is tech- 
nically distinguished as mechanical engi- 
neering, very little is now required for the 
construction of an iron bridge, or a tunnel 
in earth or rock; but the construction and 
laying of a subaqueous way would be, to 
a large extent, the work of the mechanical 
engineer. Such a work, upon any plan, 
would be one attended with many con- 
tingencies, and so far as mere ingenuity 
is concerned (not that the necessity for 
greater ingenuity is in itself an objection) 
the subaqueous way would incontestably 
require far more originality of design, for 
its making and laying, than any other 
mode whatever of crossing the Channel. 
But as engineers always rise to the occa- 
sion, it may be assumed that a plan, phy- 
sically possible in the abstract, would 
never fall through from the want of that 
elaboration and improvement which are 
summed up in the mind of the engineer 
in the single word “ detail.” 

Perhaps the first quasi practicable plan 
proposed for crossing the English Channel 
by means of a subaqueous way was that 
contained in an anonymous pamphlet 
printed in Dublin in 1858. The author 
proposed to construct a 15 ft. tube from 
Dover to Calais, extending it, foot by 
foot, along the bed of the Channel, from 
the English to the French coast. Start- 
ing from the English coast, within a 
structure named a “head” or a “bell,” 
this head fitting water-tight, around the 
exterior of the tube to be extended, he 
proposed to put together each successive 
length of the tube within the head, and 
to push the latter forward as fast as the 
work proceeded, the head meanwhile 
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lying on the bed of the Channel. The 
calculations of resistance, and of the 
quantities to be employed in the tube 
itself, were carefully worked out, and so 
far as the author has tested them, these 
calculations were correct upon the data 
assumed. This mode of construction in- 
sures the advantage, if it be an advan- 
tage, that each portion, whether of 10 ft. 
or even a mile, of the length of the tube, 
once laid, is not again disturbed at any 
subsequent stage of the work. 
designer appears to have foreseen an ele- 





But the | 


confined space, but a dozen men or so at 
most could be effectively employed at a 
time within the end of the tube, in putting 
the segments together, although a much 
larger number, were they required merely 
to work the hydraulic machinery, could 
find room in the forward portion of the 
“bell,” and it is evident that the rate of 
progress of the tube would be measured by 
the rate of working of the dozen or so of 
men employed in putting the segments 
together, the segments being brought, 
when the tube was nearly completed, from 


ment of possible weakness when he/a distance of say 20 miles through the 
asserted that even were the tube rolled | tube itself. The segments and bolts once 
over in the Channel no harm could result | made ready on shore, the whole labor of 
to the passengers, and no interruption to , putting the tube together, the whole task 


the train service. 


Inasmuch as the at-| of maintaining its intended course, and 


mospheric system was relied upon for | the whole of the responsible duty of in- 
propulsion, and the passenger compart- | spection as the work goes on, would be 


ments were to be shot through circular 
tubes, it might not perhaps make any 
difference to the passengers whether their 
carriages bottomed upon one part of the 
tube or another; but it would be interest- 
ing to know what would become of the 
shore ends, and for that matter, the 
passengers themselves within the tube, if 
a few miles of the latter were really to 
turn over in mid-channel. 

The anonymous idea of 1858 has been 
lately worked out in much greater detail 
by an eminent English engineer, whose 
labors have been assisted by an Austrian 
member of the same profession. Their 

lan, which has now been for some weeks 
Galeee the public, provides for a cast-iron 
tube of 13 ft. internal diameter and 4 in. 
thickness, to be carried out in 10 ft. 
lengths, each length being formed of six 
segments. The work of putting together 
the successive lengths of the tube is to be 
performed on the bottom of the Channel, 
within a cast-iron “bell,” asit is termed, 
this “bell,” or shield, being 80 ft. long, 18 
ft. in diameter, and 8 ins. thick. The tube 
is to be packed, water-tight, within this 
bell, and the bell itself is to be forced for- 
ward, 10 ft. at a time, after that length of 
tube has been added to the portion al- 
ready laid. For forcing forward the bell 
4 hydraulic presses, each of a maximum 
force of 1,000 tons, are to be employed. 
The details of the scheme are most in- 
genious ; at the same time perhaps not 
too much so, for many a mechanical pro- 
ject has been ruined by tov much inge- 


nuity. It is evident that from the very | 





performed under water, in an artificial 
light, and with artificial ventilation, and 
where, upon the occurrence of any acci- 
dent, causing the sudden inroad of water, 
all within the tube must hopelessly perish. 
Should the tube crack and fill with water 
during the process of laying, it is also 
hopelessly lost, since no moorings are or 
can be attached to it during the process 
of laying or afterwards. That the tube 
might crack, at some point, while the 
shield was being advanced under a force, 
according to the depth and the nature 
of the bottom, of from 1,000 to 4,000 
tons, would be nothing very improb- 
able. And what might be the chances of 
leakage, with nearly 65,000 joints made in 
the dark, or, rather, in a very feeble light, 
and under water, must be left to the 
imagination, the joints themselves being 
upwards of 200 miles in aggregate length, 
and, taking them as 8 ins. wide each, pre- 
senting a total surface, for the two parts 
brought together, at each joint of about 
34 acres. There is, probably, nothing 
physically impossible in the scheme, al- 
though it would be one attended with 
many improbabilities of success. Nor 
could this plan of construction be adapted 
to the irregularities of the Channel bottom, 
upon which the gradient would occasion- 
ally require to change from level to 1 in 
100, making a difference of 14 in. be- 
tween the joints on the upper and lower 
sides of the tube, thus necessitating 
special castings, or involving the risk of 
leaking. The particular tube now under 
consideration would have a multitude 
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of external flanges, and it is not im- 
probable that it might suffer from drag- 

ing anchors. These flanges and ribs 
are not essential, however, to the general 

lan. 
. While it is fairly open to doubt whether 
any of us will ever live to see a practical 
railway tube laid across the Channel— 
open to doubt, too, whether such a tube 
is even required at all—there is still a sort 
of bewitching interest in speculating upon 
the mere possibility of such a thing ; and 
it is thus that this meeting may be sup- 
posed to have resolved itself into a com- 
mittee of inquiry upon this very point. 
Can the tube be made at all? Can it be 
made before those now unmarried shall 
have lived to see their grandchildren ? 
If it can be done, and done off hand, so 
much the better, always provided that the 
tube is what is wanted. Here, as with 
Mr. Midshipman Easy, there is no help 
for it but to “ argue the point.” Assum- 


ing, then, for the sake of argument, 
that the particular tube now under 
consideration can be made, and safely 
laid, can it be done, as its proposers esti- 
mate, within a period of three years and 
a half, or only within from six to ten times 


that space? The tube is to be made of 
something like half a million tons of cast- 
iron, and to believe that it can be made 
at the rate of 100 ft. forward a day, as 
estimated, is to believe that nearly 500 
tons of castings, all ready, or, rather, sup- 
posed to be ready, to go exactly together, 
each casting weighing about 8 tons, can 
be loaded on horse trucks, or hand trucks, 
and carried through the tube itself for an 
average distance of ten miles, unloaded, 
placed in position, the thousand or more 
connecting bolts, for which the holes have 
been previously drilled, secure in their 
places, the joints made good with lead, 
and a great deal of other work carried on, 
all within a confined space, within which, 
partly from the machinery to be employed, 
hardly more than a dozen men, if as many, 
will have room to work at all. The Brit- 
ish Association was lately occupied with 
a most able and most interesting descrip- 
tion of this plan, and the Society of Arts 
may therefore be inclined to examine this, 
the very important point, which, at the 
recent meeting of the Association at 
Exeter, appears to have escaped all ex- 
amination whatever. The “point” might 


be “argued” still further, but let argu- ! 


Vou. Tl. —Ne, 2.—12 


ment be dropped now for individual con- 
sideration of the subject. 

Another plan of making and laying the 
tube has been proposed—a plan based, 
like the others, upon a general estimation 
of what is possible and probable. It is to 
construct the tube, in long lengths, within 
a dry dock in shore, and to float out these 
lengths, successively joined together, until 
the opposite coast is reached. The tube 
would be floated—not, certainly, upon the 
surface, but by means of buoys, just clear 
of the bottom, the tube being again 
grounded as soon as it had been advanced 
a length. 

Few propositions, perhaps, connected 
with engineering, upon which the writer 
has ever reflected, have, at the first view, 
presented more apparent impracticabili- 
ties than this one. But the more he has 
examined it, the more have the means by 
which these difficulties may be overcome, 
disclosed themselves. It was enough to 
know, from the first, that the plan was not 
in contravention of any law of nature, and 
therefore was not impossible. Like each 
of the other plans already noticed, its ex- 
ecution would necessarily be in the face of 
tremendous difficulties—difficulties which, 
perhaps, not one of the various projectors 
of channel tubes have fully estimated, and 
which, it is beyond doubt, they have not, 
because they cannot have, fully provided 
for. But the whole progress of engineer- 
ing has shown that what were once seem- 
ing impossibilities have long since become 
useful and familiar facts. The difficulties 
supposed to be once overcome, it is plain 
that a plan whereby, say a thousand feet 
or more of the tube could be put together 
in a single day, in the open air, as many 
men being employed upon it at once as 
could find room to work with advantage 
upon that length, would have a manifest 
superiority over any other in which each 
length of a few feet, say ten, must be 
wholly completed before another length 
could be begun, and especially in which 
the whole work of making up the tube is 
to be carried on within the tube itself, the 
parts being brought to the front in trucks 
drawn by horses to a distance successively 
increasing to twenty miles. 

In no way could the segments of a tube 
be so rapidly got into place and secured 
together as in a dry dock, the semi-circular 





bottom of which, of cast-iron, would con- 
form exactly to the tube itself. The seg- 





178 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





ments would be lowered into place, those 
for the lower half of the tube centring 
themselves, while those for the upper half 
would be temporarily supported upon cen- 
tres so made as to be readily taken down 
when the key segment was got in and se- 
cured. The seaward end of the tube, of 
great strength, would, of course, be closed, 
and it would be provided with suitable fit- 
tings for attaching the powerful hauling- 
out tackle, to be used when the successive 
lengths were floated. The dock gates 
would close around the tube so as to 
form a water-tight joint. The tube would 
be of such dimensions and thickness that, 
previous to putting in the brick lining, its 
own weight would be, as nearly as possi- 
ble, exactly the same as that of the sea 
water displaced, so that of itself it would, 
so to speak, neither sink nor swim. Ap- 
proximately, a 14 ft. tube would displace 
about 4} tons of water for each foot of its 
length, and it would of itself weigh about 
44 tons for each foot of its length when 
its thickness, allowing for all flanges and 
bolts, was 5 in., or say 44 in. between 
flanges, and this would be the proper 
thickness for strength, irrespective of any 
consideration of displacement. The weight 
of the tube would require to be very accu- 
rately adjusted, since a difference of thick- 
ness of 1 in. would cause ‘a difference of 
weight of 900 tons in a 1,000 feet length, 
hence a difference of but 1,455 of an inch 
would represent very nearly a ton in 
weight. Each length would require to 
be brought to the exact limit of flotation 
by means of adjustable weights. As the 
tube would require to be adapted to the 
irregularities of the bed of the channel, 
each length of a thousand or more feet, 
would have a ball and socket joint, and it 
would be here, and here only, that the 
sinking weight would be applied, and the 
holdfasts for the lifting and sinking tackle 
attached. Probably 100 tons might be 
necessary to prevent any movement of the 
tube, especially in-shore, from the force of 
the sea, for at a depth of a few fathoms 
the force of storms would not be felt at all. 
The tube being made in segments, the 
construction of ball and socket joints 
would be attended with no difficulty. 
They would require to be made of great 
strength, not merely to provide sinking 
weight, for they would receive the whole 
strain of the hauling-out tackle when the 
tube was advanced seaward. A thick- 





ness, for the ball and socket, of 8 in., this 
thickness being continued a lItttle more 
than 10 ft. each way, would give 100 tons 
of sinking weight. The motion at these 
joints would be but slight; yet this slight 
amount of motion is none the less neces- 
sary to enable the tube to adapt itself to 
varying gradients. It is at least remark- 
able that any strictly rigid tube should 
ever have been proposed, as more than 
one has been, for a line having gradients 
varying from nearly level to 1 in 100. 

When a length of tube had been com- 
pleted and was ready for launching, its 
in-shore end would be closed water-tight, 
the buoys made fast in place, the dock 
gates opened, and the sea admitted, upon 
which the tube would be drawn up well 
clear of the bottom by means of the ad- 
justable tackle connected with the buoys, 
and the whole of the tube, of whatever 
number of connected lengths of 1,000 ft., 
would be drawn out to sea for a distance 
corresponding to the length last added. 
It would then be lowered again upon the 
bottom, the in-shore end of the tube be- 
ing left well within the dock gates, which 
would then be closed, and the water in the 
dock pumped out. 

In buoying and advancing the tube, es- 
pecially when extended nearly 20 miles, 
it contained nearly half a million tons of 
cast-iron, the chief resistance, in starting, 
would be, occasioned by, notits weight— 
for except at the ball joints it would have 
no preponderating weight in the water— 
nor by its skin friction, for this at a rate 
of motion of 1000 ft. only in an hour would 
be comparatively trifling; but the real re- 
sistance would be from inertia. It might 
be supposed that as much effect would be 
produced by the hauliing-out-tackle if 
made fast to the Rock of Gibraltar as if to 
a great iron sea-serpent, 20 miles long, 
and weighing half a million tons. But let 
us see what this enormous resistance would 
be. Let the rate of onward motion of 
the tube be 3 ins. per second, a rate at 
which 100 ft. would be gained in 400 
seconds, or 1 hr. 6 mins. and 40 secs.; 
not so very long a time after all. To give 
this rate of motion would require the 
same force as would be necessary to lift 
the whole weight to a height of the ,)th 
part of an inch, a distance almost too in- 
significant to deserve consideration until 
it is understood that 500,000 tons are to 
be lifted to that height. It is then that 
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the J;th part of an inch begins to look 
respectable, the work done being equal to 
that in lifting 1 ton to a height of nearly 
500 ft., or, in other words, 500 foot-tons, 
which is about the energy contained in a 
32 Ib. eannon ball when it leaves the gun 
fired with a full service charge. But these 
500 foot-tons do not need to be exerted 
within 1, 2, or 3 mins., and if a quarter of 
an hour be taken to get the sea-serpent 
under weigh, the mean rate of progress 
during that time being 1} in. only per 
second, the tube will have progressed 
1124 ft. before it isin full swing, and thus 
the pull will average less than 4 tons 
during that time, after which all further 
resistance from inertia ceases. Now 4 


tons is a little more than the breaking | 


strength of the little Atlantic cable of 
1858, and is well within the working 
strength of the steel wire ropes employed 
to haul Fowler’s steam ploughs. Next 
comes the resistance of skin friction. The 


surface of the tube, supposing it to be 14 ft. 
in diameter and 20 miles long, and having 
no outer flanges, would be nearly 107 
acres, whereas a ship like the Hercules 
has but little more than three-quarters of 


an acre of immersed surface when ready 
for sea. But the Hercules has run nearly 
15 knots an hour with a net thrust upon 
her screw shaft of about 50 tons, the re- 
sistance being nearly all skin friction only. 
Skin friction is believed to increase as the 
square of the velocity, so that the 1,000 ft. 
an hour of the sea-serpent are to be com- 
pared to the 90,000 ft. an hour of the Her- 
cules, not in the proportion of 1 to 90, 
but in that of the square of 1 to the square 
of 90, or as 1 to 8,100. Thus the Hercules, 
weighing 8,600 tons, requires 50 tons pres- 
sure at the stern to drive her at her full 
pace, while the serpent, with askin nearly 
150 times more expansive, and a weight 
nearly 60 times greater, would neverthe- 
less, upon the law of the square, require a 
pull of less than 1 ton to tow it by the 
nose, if serpents have noses, all the way 
across the Channel, its inertia having been 
already overcome. And yet this mass of 
iron, if thrown into the form of a cube, 
would measure about 136 ft. on a side. 
That the tube would follow its nose, in 
a straight line, and not in the zig-zag out- 
line of a Vandyke border, known in 
America as the Virginia fence pattern, 
may be safely concluded, not only from a 
consideration of the reasons which would 


compel it of necessity to follow a straight 
course, but from an analogy afforded by 
Mr. Macsweeny’s jointed steamboat, the 
Connector, which plied a few years ago 
between Newcastle and London, and by 
Mr. John Bourne’s trains of connected 
boatson the Indus. Although neither of 
these systems proved commercially suc- 
cessful, both demonstrated that a long 
train of boats connected together will 
follow as true a course upon water as 
will a long train of wagons on a railway. 

The tube would be hauled forward as 
each fresh length was added, by tackle 
worked from a vessel steered well ahead, 
on the true course, and there moored fore 
and aft, to prevent swinging out of 
her position, although the whole work of 
|advancing the tube would or should be 
| performed at slack high water. In sucha 
| great work, so important to the commer- 
| cial interests of the whole world, it is not 
| unreasonable to suppose that a convention 
would be entered into by all, or nearly 
all, commercial nations sanctioning the 
authority of a marine police to guard the 
‘hauling chain from dragging anchors. 

But now come, perhaps, the principal 
questions of all. The maximum tidal 
current, at spring tides, in that part of 
the Channel where the various proposed 
tubes are intended to be laid, is, by Bur- 
wood’s Tables, 3.3 knots an hour, or 5.57 
ft. per second. This is, however, the sur- 
face velocity in mid-channel. The velocity 
at the bottom, in the deeper portions, is 
probably nil. In a communication recently 
made public by Mr. Cromwell Varley, the 
eminent telegraph engineer and electri- 
cian, occurs the following interesting and 
even amusing passage : 

* Tt is well known to all nautical men, 
that the action of the waves decreases very 
rapidly in descending. I believe I am cor- 
rect in stating, in proof of this, that a 
diver, engaged upon the wreck of the 
Royal George, accidentally left his spec- 
tacles on the wreck off Spithead. The 
depth of water was about 16 fathoms. A 
violent storm prevented him from resu- 
ming operations for about 9 days, and, on 
again descending, he found his spectacles 
in the place were he left them. 

“Tt is also well known to all neutical 
men, that currents extend, as a rule, to 
only a small depth; and it is a common 
practice to moor a boat in deep water, 








by tying a kettle or some heavy object to 
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a line, and dropping it overboard into 
the comparatively still water. This mode 
of anchoring has been frequently used by 
the surveyors in the Atlantic. 

“As a further proof of the complete 
stillness at the bottom, I may mention the 
cable that was laid from Varna to Bala- 
clava. This plain gutta-percha covered 
wire was wholly uninjured by those terri- 
fic storms which destroyed so many Eng- 
lish vessels.” 

With 100 tons of anchoring weight at 
the shore end, and with the same weight 
at distances of every 1,000 ft., and with 
the immense inertia of a tube weighing 
4,500 tons between each pair of sinking 
weights, there would appear to be but 
little danger from the action of storms—a 
conclusion borne out by the fact that iron 
sewer pipes are often extended well out to 
sea, as at Brighton, and remain there 
without disturbance. The waves come 
end-on with the tube, and are harmlessly 
divided, whereas, did they strike it ath- 
wart, they would lift it upon the beach. 
Experiment, during a single winter, would 
determine whether even so much as 100 
tons sinking weight would be required at 
each 1,000 ft. It might turn out that 50 
or even 25 tons would suffice, in which 
case the work of lifting and grounding the 
tube, as about to be described, would be 
very greatly lessened. The most critical 
point in the whole scheme is probably that 
of lifting and lowering the tube at each 
advance. Before going into this, it will 
be as well to see what is to be done at each 
sinking weight or ball joint in deep water, 
say 33 fathoms at high tide. There are 
100 tons of dead weight to be lifted, be- 
sides the inertia of 1,000 ft. of tube to 
be overcome, and there is also the weight 
of the lifting chain itself, and its support- 
ing buoy. Taking the weight and inertia 
to be overcome as 150 tons, and supposing 
the lifting chain never to be strained be- 
yond 3 tons per sq. in., the sectional area 
of the chain would be 50 sq. in., so that 
each 15 ft. of its length would weigh a ton. 
As the chain would commence two fathoms 
and a half from the bottom, we will allow 
that for slack, and its own weight would 
thus be between 13 and 14 tons. This it 
would be necessary to buoy with the ut- 
most care, for, once lost, the chain could 
never be recovered in water of greater 
depth at most than 15 fathoms. The buoy, 
weighing probably 5 tons of itself, should 





have at least 20 tons of additional support- 
ing power, and would thus require to be 
of a capacity of 875 cubic ft., correspond- 
ing to a cylinder 8 ft. in diameter and 18 
ft. long. Were it not that the buoys must 
be kept out of the way when the lifting 
tackle is attached, they would be best se- 
cured by passing the chain through them 
in the central pipe with secure stoppers, 
top and bottom. As they would, in any 
case, continue to float, this might, after 
all, be the best way of attaching them, 
when the stoppers were taken off at each 
lifting and lowering. 

In getting into deeper water the chains 
would require to be lengthened, in 10 ft. 
lengths, at every few advances, and in 
shoaling they would also have to be short- 
ened in proportion. The lifting and low- 
ering would be performed from a vessel 
alongside, and the lifting itself be effected 
by steam, acting directly upon the lifting 
chain; that is to say, a strong steam cyl- 
inder 5 ft. in diameter, and permitting of 
a stroke of piston of 20 ft., would be sup- 
plied with steam from a small boiler 
worked at from 125 lbs. to 150 lbs. per sq. 
in., giving a lifting force of from 150 to 
nearly 200 tons. It is only by a direct 
steam lift that the effects of pitching and 
descending in the lifting vessel, and the 
oe level of the sea as the tide ebbs 
or flows, can be provided against, and that 
the elasticity of strain, necessary for the 
preservation of the chain, and thus of the 
tube itself, could be secured. There are 
many details which would require to be 
carefully worked out before such an under- 
taking could be safely begun, but, without 
entering at greater length upon them here, 
it may be said that the principles upon 
which safety at each step would be reason- 
ably assured have been considered with 
some care, and that there are no difficul- 
ties in the way which appear really insur- 
mountable. It is not to be forgotten that 
a lifting vessel would be required at each 
1,000 ft. length, making no less than 110 
in a length of 21 miles. There would be 
no difficulty in chartering the number, and 
the cost of the requisite fitting would not, 
in comparison with the whole cost of the 
work, be excessive. 

The practicability of this making and 
laying a tube could be approximately 
ascertained by making two 500 ft. lengths 
of tube half size, or 7 ft. diameter and 2} 
in. thick, closing their ends, and sinking 
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and lifting them by means of 3 tug boats 
in different parts of the Channel. These 
lengths would weigh, including sinking 
weights, about 925 tons. If the experi- 
ment succeeded perfectly, as it should, 
in calm weather and at slack high water, 
it might be continued in rough weather 
and under the influence of the tidal cur- 
rent. The exposure of one or both these 
lengths, for a single winter, lying end-on 
to the shore, would afford very valuable 
experience. It is always to be borne in 
mind that after the tube is once laid, the 
brick-work lining and permanent way 
which will then be added will more than 
double its weight. 

The tube, when laid for its whole length, 
would be bolted together at the ball joints 
by means of inner flanges, the whole then 
lined with brick-work and an inner iron 
casing, a permanent way laid, and would 
then be worked upon the atmospheric 
system. 

The cost of the whole may be roughly 
estimated as follows: 

500,000 tons of castings fitted ready for 

lacing at £6 £3 

Brick-work lining 

Dry dock, fixed plant, ete 

Floating establishment 

2,500 workmen for two years at £100 
per annum 

Interest, during construction 

Engineering and contingencies......... 


Total, exclusive of approaches 


The plan suggested can claim no other 
advantages than these, viz. : its practica- 
bility being assumed, it could be carried 
out in two or three years, including all the 
time expended in preparatory works. Al- 
most any number of workmen might be 
effectively employed at the same time, 
and that in the open air, in full daylight, 
and out of the way of danger in case of 
accident. The tube would furthermore 
possess a flexibility which would insure 
its following the irregularities, both verti- 
cal and lateral, which, with a careful sur- 
vey in advance of the work, would natur- 
ally be found even on the comparatively 
smooth bed of the Channel. 

It forms no part of the objects of the 
present paper, however, to put forward 
claims in favor of submerged railways. It 
1s admitted, on all sides, that they cannot 
be made at a less cost than from £300,000 
to £500,000 per mile. It is by no means 
certain that, even for the saving of half 





an hour and an immunity from sea- 
sickness, the majority of passengers would 
prefer a submarine journey of three-quar- 
ters ofan hour, with the knowledge that 
but a few inches of iron were interposed 
between them and a second deluge. The 
fact that almost countless fleets of shipping 
were crossing 50 or 60 yards overhead; 
that a single ship, foundering then and 
there, and making its fatal plunge upon 
the tube, might work even greater de- 
struction than its own ; the reflection that 
scoundrels in the pursuit of mischief, or 
villains in the service of the devil, could 
at any time, and with almost perfect im- 
punity, dispose of the tube for ever—all 
this would be anything but reassuring to 
the timid, and it would have its due 
weight with the strong. 

In respect of economy merely, the in- 
terest upon a cost of £6,000,000, suppos- 
ing the work to be carried out for that 
sum, and the money raised upon the guar- 
antee of the English and French Govern- 
ments at 4 per cent., would be £665 
per day, or £231 per mile per week. It 


000 | is not, perhaps, necessary, however, to as- 


sume that the work is to be undertaken 
as an immediately paying speculation, 
since other considerations of importance 
are involved in the question. 

It is not to be lost sight of, however re- 
mote the bearing of the question upon the 
present subject may appear to be, that a 
sudden demand, within a couple of years, 
for half a million tons of cast-iron, not for 
export, and not for immediately productive 
employment at home, would most certain- 
ly inflate the iron trade, and, indirectly, 
affect nearly every branch of our industry. 
If the price of pig-iron advanced, as it not 
unlikely might, to the extent of 20s. a ton, 
this means 25s. or 28s. on rails, 30s. to 
35s. on bars, and from £2 to £3, or even 
£4, on the higher qualities and lighter 
sections of iron. The very home demand, 
whereby we would be literally throwing 
our iron, and with it our money, into the 
sea, to no immediate profit, would give to 
other nations an advantage of which they 
would not be slow to avail themselves. 
Half a million tons of pig iron, when con- 
verted into rails, bars, or plates, and allow- 
ing for loss in conversion, would suffice 
for 2,000 miles of double line railway, or 
it would construct 75 miles of heavy iron 
bridges, weighing a ton per foot, or it would 
serve the shipbuilder for 250 hulls, such 
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as, when fitted, would register their 3,000 
tons each. The sudden abstraction of 
such a quantity for a single work, having 
no immediate prospect of success, might 
be attended with consequences which the 
whole country would long have occasion 
to deplore. 


It has been mainly the object of the | 
present paper, however, to examine into | 


| 

the engineering merits of the various 
schemes proposed for crossing the Chan- 
nel, and the writer cannot close without 
expressing the belief that the balance of 
certainty, economy, and, all things con- 
sidered, the safety and even the comfort 
of the travelling public remains with a 
large and suitably organized Channel ferry 
service. 








HYDRAULIC MACHINERY FOR WAREHOUSING GRAIN. 


By Mr. PERCY G. 


B, WESTMACOTT. 


From ‘‘The Mechanics’ Magazine.” 


The subject of the paper of which the 
following is an abstract was a description 
of the hydraulic machinery for warehous- 
ing grain at the Liverpool Docks. Blocks 
of warehouses have been erected by the 
Mersey Dock and Harbor Board, ably 
designed and executed under the super- 
vision of Mr. Lyster, the dock engineer, 
for the stowing and conditioning of grain 
and bread stuffs. The dock upon which 
they are situated is 570 ft. wide by 230 ft. 
broad at one end and 180 ft. at the other, 
with a depth at high water spring tides of 
34 ft. over the sill of the gate. The blocks 
on the east and west sides of the dock are 
650 ft. long, and that on the north end 
185 ft., the whole range being 70 ft. wide. 
The buildings contain five stories. Above 
the fifth or upper storage floor, and 
partly in the roof, is placed the machinery 
floor, and below the quay level are wells 
and arched subways for the reception of 
the underground machinery. The total 
storage capacity of the floors, exclusive of 
the quay floor (at 4 qrs. to the square 
yard) amounts to 196,000 qrs. of grain. 
The ends of the east and west blocks are 
constructed to receive iron chambers for 
conditioning grain on the Deveraux sys- 
tem, in order to prepare it for the market 
by drying. The steam-engine, the prime 
mover of the whole plant of machinery, 
was of 370-horse power, and that, in ad- 
dition to driving the machinery in the 
warehouse, supplied power for working 
the lock machinery and the bridge over 
the entrance, consisting of two 60 ft. and 
one 50 ft. bridges, twelve sluices, ten 
powerful ship capstans, and twenty-four 
machines for opening and closing the lock 
gates. From returns taken of the impor- 


tation into Liverpool of the different de- 
scriptions of breadstuffs for the years 
1858-63, it was estimated that the ware- 
houses should be constructed capable of 
working 250,000 tons per annum, irre- 
spective of other ordinary merchandise. 
Having described the principal pro- 
cesses required to be performed by the 
machinery, and the best means likely to 
secure the requisite power, and especially 
the kind of power, and the most conveni- 
ent, practical, and least costly method of 
applying and distributing that power, the 
writer stated that it was found after ex- 
periment that no system of motive power, 
or combination of systems, could be found 
to meet those requirements in the aggre- 
gate with so much effect, convenience, 
and economy as the hydraulic system. 
Having noticed the facility with which this 
power had been conveyed for long dis- 
tances at the Birkenhead docks, and also 
the advantages, or otherwise, of propelling 
grain horizontally by means of screws, 
the author stated the results of the latter 
system. At sixty revolutions per minute 
(the maximum efiective speed) grain 
could be discharged by a screw in use at 
| @ certain brewery at the rate of 67 tons 
| per hour, being at the rate of y'sth-horse 
power for every foot run. With a screw 
subsequently put into operation of 12 in. 
diameter, and driven at the rate of seventy 
revolutions per minute (the most effective 
speed), thirty-four tons of grain per hour 
were discharged. The effect upon the 
grain in the latter case was marked, it 
being rubbed and polished, and thereby 
improved in marketable condition. But 
the long distance through which the grain 








had to be conveyed horizontally, amount- 
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ing collectively to 7,000 ft., and the power 
reauired to perform the operation, even 
with the best form of screw, rendered it 
expedient to seek some other method less 
absorbent of power, and recourse was had 
to endless travelling bands. 

Experiments were made with a 12 in. 
band, constructed of canvas and india-rub- 
ber. It was found that a speed of 9 ft. | 
per second could be attained with heavy | 
grain, and still more with peas. The 
amount of grain discharged by the 12 in. 
band at the speed of 8 ft. per second, was 
at the rate of about 35 tons per hour. 
Further trials were carried on with an 18 
in. band, made of 2 plies of stout canvas, 
covered with vulcanized india-rubber. 
To meet the requirements of passing grain 
from off the straight bands to either side 
at certain points along the travel, several 
contrivances with air blast, and brushes 
driven from the band itself, were tried, 
but with indifferent success. Both me- 
thods were objectionable on account of 
raising dust, and the friction of the brush 
proved in time injurious to the band. 
The idea then occurred of diverting the 
line of the current of grain by means of 
an upward deflection of the band, thus 
casting the grain clear from the band into 
the air for a short distance; it could then | 
be received upon a band travelling in any | 
other direction, and, if necessary, could 
be passed round the warehouse from one 
side to the other, or even make a circuit 
of three sides of the block, according to 
the method in which it was intended to 
dispose of it, or the place in which it was 
to be deposited. There were 56 spouts, 
8} in. square, from the upper to the va- 
rious other floors. No difficulty was ex- 
perienced in keeping the grain on the 
band, but it was found necessary to glide 
the grain on to it from the feeding hopper | 
through a spout rather less than half the | 
breadth of the band, at an inclination of | 
421 deg., which would impart a velocity | 
to it of falling approximating to that of | 
the band. The maximum amount of heavy | 
grain conveyed by the 18 in. band was at | 
the rate of 70 tons per hour; the power | 
required for driving the band when fully | 
loaded was ascertained to be coqual to! 
about =,th-horse power effective per foot | 
run. 

The paper then described the boiler | 
and engine, etc., and also other apparatus | 





with which the warehouses are furnished, | 


including the cranes and the two accumu- 
lators, each of which latter is weighted 
with a load of 70 tons, acting on a‘ram 
17 in. diameter, and the auxiliary accu- 
mulator with a load of 100 tons, acting on 
a20in. ram. The form of tub in which 
grain is lifted from the hold of ships, and 
the hoppers through which it is passed for 
various purposes, having been minutely 
described, the author detailed the con- 
struction and capacity of the elevator, 
which consists of a wrought-iron bucket, 
capable of containing about 21 ewt. of 
grain. It was slung in an arrangement 
of bars and levers, provided with guiding 
rollers, which enabled the bucket to run 
in special grooves to the top, for the dis- 
charge of the grain into the upper hopper, 
which communicates with the same cross 
bands that convey the grain from the hop- 
per under the crane. Casks, bags, and 
other merchandise might be raised or low- 
ered by two classes of machine—one by 
means of the hydraulic cradle hoists, of 
which there were 12; the other by means 
of 20 jiggers. Twelve double-acting 10 
ewt. jiggers had also been added to the 
plant in the central block, to lift and lower 
goods to and from railway wagons. The 
paper lastly directed attention to one 
of the great advantages which the hy- 
draulic system possessed in so eminent 
a degree, namely, the facility afforded 
for the extension of power to any point 
where the demand for additional con- 
trivances to save time and hand labor 
was felt. 





ccorDiInG to official statistics, 158 acci- 

dents occurred on Prussian railways 
in 1867. The train ran off the rails 206 
times, there were 68 collisions, 432 times 
the carriages or engine were injured, 9 
persons travelling on the train were killed, 
and 21 in other ways, while 68 were more 
or less seriously injured. The causes of 
the accidents were as follows: 124 arose 
from the state of the atmosphere, snow, 
fog, wind, etc., 25 from accidental obsta- 
cles on the line, 4 from obstacles inten- 
tionally placed thire, 11 from the care- 
lessness of officials, 60 from the mistakes 
of engine drivers, and 41 from the bad 
state of the line. The rest were the 
results of faults in the locomotives, 
carriages, etc, or of undiscovered 
causes. 
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THE RANSOME PROCESS. 


From ‘‘ Engineering.”’ 


Almost every one is familiar with the 
ordinary process by which Mr. Frederick 
Ransome manufactures artificial stone, 
and knows how the sand, mixed with sili- 
cate of soda, is treated, then with chloride 
of calcium, with the result of their mutual 
decomposition and reformation as silicate 
of lime and chloride of sodium, the former 
living as an indestructible bond throughout 
the stone, the latter soluble and easily re- 
moved. The sand, after being dried, is 
worked up in a mill with the soluble sili- 
cate brewed from caustic soda and flints, 
the latter being dissolved by the former, 
and evaporated down to a specific gravity 
of 1.700. The plastic mass thus produced 
is obedient to the will of the moulder, and 
can be manipulated into any form, from a 
cube to elaborate screens, such as those 
decorating the India Office; from a grind- 
stone to an exquisitely chiselled fountain, 
like that recently erected in the public 
gardens at Hong Kong. The mass so 


prepared is then saturated with chloride 


of calcium, applied either simply by im- 
mersion, or assisted by the action of an 
air pump, in either process the solution 
being gradually heated to a temperature 
of 212 deg. Fahr. Mr. Ransome has re- 
cently made some further important im- 
provements, which promise great results. 

These consist, first, in submitting the 
moulded mass to the indurating action of 
the chloride solution at a higher tempera- 
ture in closed chambers connected with a 
steam boiler. When this has been carried 
on for a sufficient length of time, by open- 
ing a cock, the solution is forced by steam 
pressure into a separate chamber, leaving 
the stone to cool gradually in partial va- 
cuo, by which all dangers of cracking is 
avoided—a casualty which is liable to 
happen when large masses are exposed to 
rapid extremes of temperature in the open 
air. 

The next feature in these improvements 
lies in the ingenious method adopted by 
the inventor for extracting the soluble 
salts of calcium and sodium from the 
body of the stone, which is effected in the 
same closed chamber by the admission of 
steam (or steam and water alternately), 
which, as it condenses and becomes satu- 
rated with the salts referred to, is returned 





into the boiler, where the steam is gene- 
rated, and the chloride of calcium is again 
made available for future operations, thus 
obviating the serious loss incurred by 
washing the stone in the way hitherto 
adopted. 

It is gratifying to learn that the manu- 
facture of this stone is being adopted even 
in most distant parts of the globe. We 
have already, in previous notices, inform- 
ed our readers that manufactories have 
been established for its production in 
India, America, Australia, Belgium, Den- 
mark, and Sweden. But little actual prog- 
ress has, however, been made in the prac- 
tical introduction of the Ransome process 
in the United States. It is true that the 
patent rights for that country were advan- 
tageously disposed of some years since, 
and that the proprietor in America has 
made capital by the sale of licenses; but 
ignorance or indifference, on the part of 
the original purchaser, prevented his 
licensees from developing a large and 
most lucrative branch of industry. This 
being the case, it is satisfactory to find 
that one of the would-be manufacturers 
in the United States has taken the initia- 
tive, and is endeavoring to redeem the 
time lost and the capital expended in use- 
less experiments. The proprietors of the 
patent right for the State of California 
have established large works in San Fran- 
cisco, under the title of the Pacific Stone 
Company, for the production of artificial 
stone, and, but for the slight drawback of 
being in ignorance of the practical details 
of the process, would probably have de- 
veloped an extensive business. Being 
unable to obtain the necessary informa- 
tion from the American proprietor, and 
tired of working in the dark, they have 
at last adopted the most satisfactory and 
common-sense course of coming from 
California to Greenwich to learn the 
whole course of the manufacture at the 
fountain head. Tothis end the managing 
director, and principal shareholder in the 
Pacific Stone Company, Dr. W. May, has 
recently arrived from California, and is 
rapidly acquiring the mysteries of artificial 
stone manufacture from Mr. Frederick 
Ransome, by whom every facility is offered 
for the benefit of American licensees. We 
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mention this because it is a matter much 
to be regretted that for so long a time the 
vastly important Ransome process should 
have remained almost a dead letter in the 
States,so far as real utility is concerned; the 


rather than stone, from his purchased 
patent right. This is, of course, at an end 
now, and the manufacture under this pat- 
ent in America will be so much greater 
than it is in England as the demand 


American proprietor having apparently | for the production is proportionately in- 
devoted his attention to making money | creased. 





THE HOLSTEIN INTERMARITIME CANAL. 


From “ The Building News,”’ 


EARLY ATTEMPTS FOR DIRECT INTERMARITIME | pies at the present moment the attention 
COMMUNICATION. of the North German Parliament, and, 


The idea of constructing ship canals| being one that may safely be ranked 
across narrow strips of land, for pro-| #mong the gigantic engineering enter- 
moting commerce, is (according to an | prises of the present age, we have endeay- 
American contemporary) not new. From | ored to collect such accurate knowledge 
a work of Antonio Galvo, entitled “Tratado | With regard thereto as existing sources 


dos Descubrimentos,” we note the fact that | admit. 


the opening of a ship canal between the 
Atlantic and the Pacific Oceans—‘“ the 
mightiest event, probably, in favor of the 
peaceful intercourse of nations which the | 
physical circumstances of the globe pre- | 
sent to the enterprise of man ”—was pro- 
posed to Charles the Fifth in 1528. And, | 


strange as it may seem, the inquiries 
instituted at that time, led to the recom- 
mendation of the same lines that were | 


planned in 1825. 
ject of the opening of a ship canal across 
the Isthmus of Corinth in the Mediterra- 
nean. It engaged the attention of Perian- 
der, Demetrius, Julius Cesar, Caligula, 
Herodes, and Atticus, but it was reserved 
for Nero to take the first active step to- 


Still older is the pro- | 


ward the accomplishment of this end. 


He completed a canal half-way, as lately 
ascertained by the explorations of the 
learned Frenchman, Mons. Grimaud de 
Caux. This isthmus connects the penin- 
sula of Morea with the province of Attica, 
in Greece. By means of a canal cutting 
through this narrow strip of land, the 
route from the Ionian Sea to the Archi- 
pelago would be considerably shortened. 
Such a canal would be of great impor- 
tance, as enormous quantities of grain are 
exported from the borders of the Black 
Sea to the seaports of the Adriatic. 

The project of uniting the Baltic with 
the North Sea by a navigable ship canal 
dates from the zenith of Lubeck’s com- 
mercial prosperity, and was suggested 
first as early as 1390. This project occu- 





WHY THE PROJECT WAS STARTED. 


Two reasons call peremptorily for the 
accomplishment of a navigable route be- 
tween the North Sea and the Baltic, to 
wit: gain in time, and safety. The dis- 
tance between the English canal to the 
open Baltic Sea around the promontory 
of Skagen is about 880 miles. It would 
be shortened for two-fifths of its whole 
length if a straight route from one shore 
of Holstein to the other could be chosen. 
Steamers would thus be enabled to make 
the voyage from London to St. Peters- 
burg in five days, instead of seven, while 
sailing vessels would gain from one week 
to one month, according to circumstances. 

The second reason for the building of a 
ship canal is still more important. Ac- 
cording to even very incomplete statistical 
data, the annual number of losses of ves- 
sels in that portion of the sea is greater 
than that of any other equally large por- 
tion of the globe. This is the more to be 
deplored as the route around Cape Skagen 
is the only one from the North Sea to the 
coasts of Sweden and Finland, as well to 
the very heart of Russia. Indeed, it has 
been ascertained that the yearly loss ex- 
perienced on the old sea-way amounts to 
three million rix dollars, or about two 
million dollars in gold. This sum is cer- 
tainly a large one, but it must be remem- 
bered that the cargoes of many vessels are 
exceedingly valuable. For instance, the 
cargoes of the American barque Joseph 
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Clark and the English steamer Arctic | 
amounted to half a million dollars in 
gold; the former vessel was shipwrecked 
in 1857, and the latter in 1860. These 
accidents mainly occur on the western 
coast, especially on the sand banks of | 
Skagen, which for this reason has been 
denominated “the graveyard of ships.” 
Indeed, small and large wrecks are seen 
there in every condition and at every time 
of the year. 

It may now be remarked that there are 
now two channels across the isthmus of 
Holstein ; they are, however, altogether 
inadequate to the existing demands of 
navigation. The one is the so-called 
Strekenitz canal, begun in 1390, and 
completed in 1398. It is one of 
the oldest in Europe, and connects the 
river Elbe with the Trave, uniting with 
the former just above Lauenburg, and 
with the latter about Lubeck. The 
second artificial water communication is 
known under the name of Schleswich- 
Holstein, or Eyder Canal, and may be 
found on any good map. 


THE PROPOSED LINE. 


This has been submitted to the world in 
the form of an anonymously published 
pamphlet, entitled “The Cutting of the 
Isthmus of Holstein between the Baltic 
and the North Sea.” Lubeck is proposed 
as the eastern terminus of this route, 
while it is thought that the most feasible 
point for the western terminus would be 
Gluckstadt, upon the Elbe. This line, as 
shown by accurate and reliable surveys, 
would require no locks. It is proposed to 
follow the river Trave from Lubeck to a 
point where it approaches the Hemmels- 
dorf Lake. This lake belongs to the most 
remarkable water reservoirs of the Baltic 
countries ; originally an inlet, as most of 
the other lakes of the Baltic, it is now | 
separated from the sea by a narrow strip | 
of maratime deposits. Hills of about 100 | 
ft. in height protect it against all winds in 
such a manner that Napoleon I. designa- 
ted it for a winter harbor for his Baltic 
fleet, when, by the catastrophe of 1813, 
the whole project fell into oblivion. More- 
over, this natural harbor is situated in 
the midst of one of the most populous, 
prosperous, and best-cultivated districts ; 
it is surrounded by a circle of charming 
villages, and only awaits the completion of 
the projected canal to become an excel- | 











lent seaport. The length of the section 
from this lake to Gluckstadt is 48 miles ; 
adding thereto the distances through the 
lake and from Lubeck to the Baltic, we 
have a total length of 53 miles, or over 
half the length of the Suez Canal. The 
cost of the execution of this work, includ- 
ing the construction of harbors at 
Gluckstadt and Lubeck, has been estima- 
ted at $23,720,930 in gold. 

Should a work of this kind be executed, 
a yearly passage of from twenty to thirty 
thousand vessels through the canal might 
safely be predicted. Such a strait would 
open to the ocean the immense territory 
of Russia ; and besides this, the Prussian 
coast, which is over half the length of that 
of France, would be made directly acces- 
ible to the open sea. 

Taking all in all, the cutting of the 
isthmus of Holstein may safely be con- 
trasted with that of Suez. In shortening 
an old way of traffic, it will contribute 
towards transforming the slow march of 
civilization in the northern European 
countries into one worthy of this century 
of steam. 





‘ne traffic returns of the London and 
North-Western Railway shows an in- 
crease of £3,481. In the case of the 
Midland the increase is £4,456. The 
Lancashire and Yorkshire exhibits an in- 
crease of £282. The Manchester and 
Sheffield return presents an increase of 
£382. The Caledonian return shows an 
increase of £344. The Great Eastern 
Railway exhibits a decrease of £410. The 
London and South-Western shows a de- 
crease of £1,420. The Great Western re- 
turns a decrease of £590. The London, 
Chatham, and Dover Railway shows an 
increase of £455. The Metropolitan ex- 
tension of the London, Chatham, and 
Dover, presents an increase of £324. The 


Great Northern Railway return shows 2. 


decrease of £733. 





HE Darien Canal project is reviving. 
The United States steamer Nipsic, 
attached to the South Atlantic squadron, 
is under orders to proceed to the Isthmus 
of Darien to make surveys and explora- 
tions, with a view to determine the best 
location for an inter-oceanic canal. A 
similar survey on the Pacific shore of 
the Isthmus will be made at a future day. 
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INDIAN STATISTICS. 


From “Engineering.” 


A report, containing a series of statis- 
tical maps of the Indian empire, compiled 
by Mr. F. C. Danvers, has recently been 
published by order of the House of Com- 
mons. The maps, eight in number, indi- 
cate the districts and divisions of British 
India, the native States, the distribution 
of languages and dialects, the cotton dis- 
tricts, the principal products besides cot- 
ton, the division of the salt districts, the 
progress of irrigation works, and the rail- 
ways,telegraphs, and light-houses of India. 
The native languages of India are group- 
ed into four families—the Semitic, the 
Dravidian, the Thihetan and Indo-Chinese, 
and the Indo-Germanic. The first forms 
but an insignificant portion to the others; 
the second is divided into two branches— 
the Dravidian, northern and southern, of 
which the latter is again subdivided into 
three heads—the first including twelve, 
the second eight, and the third seven dia- 
lects. The Thihetan language, spoken in 
Bhotan, Nepal, and part of Oudh, is divi- 
ded into 23 dialects, the Indo-Chinese into 
26, and the Indo-Germanic into 11. The 
different dialects of the latter division are 
spoken by about 120,000,000, and forms 
the principal language of India. 

The maps and statistics of trade show 
by inspection the condition of Indian trade 
from 1834 to 1868. Between the first na- 
med date and 1865, the increase was almost 
continuous, having advanced from £14,- 
000,000 to upwards of £123,000,000, or at 
the rate of about £3,500,000 a year during 
that period. From 1855 to 1866 the in- 
crease of trade was most strongly marked, 
the advance having been from £35,000,000 
to £123,000,000, being an average of £8,- 
000,000 a year. In 1866-68 a marked fall- 
ing off characterized Indian business in 
common with almost every national trade, 
the total receipts having fallen as low as 
£96,000,000. India is now purchasing 
annually £20,000,000 worth of English 
fabrics, and exporting to the amount of 
£8,000,000 in general merchandise, be- 
sides about 1,500,000 bales of cotton, 
8,000,000 Ibs. of tea, 37,000,000 lbs. of 
coffee, while the value of her indigo and 
silk exports is £2,000,000 and £1,500,000 
per annum. 

Nearly £3,000,000 annually are collect- 





ed from 129,000,000 of people, by means 
of the salt tax, and in order to assist the 
realization of the duty, lines have been 
established at which an import duty is 
levied on all salt crossing them. These 
lines, exclusive of the Indus, Mooltan, and 
Berar districts, have a length of 1817 
miles, which are guarded by 10,832 officers 
and men. It is subdivided into 10 dis- 
tricts, and includes an area of some 
502,000 sqr. miles. The amount of salt 
consumed by the 129,000,000 of inhabi- 
tants subjected to the tux in 1867-68 is 
estimated at 13,830,000 maunds, which 
was obtained as follows: 

Maunds. 
1,200,000 
3,730,000 
7,900,000 
1,000,000 


From the Punjab Salt Mines 
Crossing the Customs Lines 
From the South-East Frontier 
Smuggled Salt 


The average consumption per head 
amounted to some 34 lbs., and the duty 
from 14 to 31 rupees per maund. 

The seventh and eighth maps of Mr. 
Danvers’s report contain, in conjunction 
with their subject-matter, much interesting 
information as to the condition and prog- 
ress of public works in India. The con- 
struction of roads occupied but little of 
the attention of the East India Company 
in early times. And the organization em-. 
ployed for the carrying out of these works, 
the necessity of which was freely acknowl- 
edged, proved so defective that in 1831 
the Madras Presidency abandoned all at- 
tempts at maintaining such roads as were 
in existence, and issued instructions that 
the superintendents of districts should do 
all that lay in their power, but without 
any grants from Government. In 1836 
the Grand Trunk Road between Calcutta 
and Peshawur, 1,423 miles in length, was 
commenced, and has been thoroughly 
maintained; but it was only in 1855 that 
the absolute necessity of constructing an 
efficient system of road communication 
was impressed seriously on the Bengal 
Government. In 1860-61 the formation 
of a system of imperial roads began in 
earnest, and it was intended that each 
district should be provided with at least 
one main line, passing through the prin- 
cipal towns or stations of the districts, 
and in connection with the adjacent dis- 
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trict’s arterial way. In addition to these, 
the necessary branches were to be made. 
At this time there were in existence some 
1,994 miles of main road, and 1,145 miles 
of branches. 

In the Punjab, road construction had 
advanced more successfully. Immediate- 
ly after its annexation an annual grant of 
5 lacs of rupees was sanctioned for public 
works, and the greater proportion of this 
sum was at first devoted to the formation 
of a military road between Lahore and 
Peshawur. In 1854 there had been 3,600 
miles formed, and by the end of 1856 a 
length of 8,749 miles had been opened. - 

After the Madras Presidency had par- 
tially recovered from the difficulties which 
had defeated their efforts to establish an 
efficient system of rvads, new efforts were 
made, and between 1837 and 1843 several 
new lines were opened, and the old ones 
improved; but it was not until 1848 that 
the work progressed rapidly. In the ten 
years, 1848-58, 4,009} miles were opened, 
of which 188 miles were first-class roads, 
and the remainder roads of the second 
and third class. 

River navigation also occupied much of 
the attention of the Government, and it 
was probably owing to the natural facilities 
afforded by the network of streams, that 
road construction was neglected. The 
Ganges, in the North-west Provinces, the 
Brahmapootra, in Assam, the Indus, in 
the Punjab and Sindh, and the Madras 
rivers were all largely available, and af- 
forded means of access from the seaboard 
to the interior. The improvement of the 
navigation, the dredging of the streams, 
and the construction of embankments, 
have, therefore, given much occupation ; 
in Bengal 2,594 miles of embankment 
have been made, which protect the sur- 
rounding country from inundations. 

The ancient native irrigation canals, of 
which many existed, began to be restored 
in 1817, and in 1822 the Doab Canal works, 
which have been so severely criticised of 
late, were commenced. The Ganges ca- 
nal, the first new work of the kind attempt- 
ed, was begun on the 16th April, 1842. 
The canal system was inaugurated in Ma- 
dras five years later, and since then large 
sums have been annually granted, increas- 
ing with each year, until the last grant 
amounted to £1,779,397. 

In the early history of English oecupa- 
tion in India little attention was paid to 





the construction and improvement of har- 
bors. There are but few good harbors 
around the coast, although on the Madras 
seaboard alone, cargo is received and dis- 
charged at no less than 144 points; the 
improvement of the Mutlah commenced 
in 1855 as an auxiliary to Caleutta ; in 
Madras large sums have also been expend- 
ed in improving several ports, and in 
Bombay, Karwar and Kurrachee have 
become situations of importance. The 
latter works were commenced in 1860, 
but were stopped for some years, being 
recommenced in 1868, and are now in 
progress. 

Fifty-four light-houses protect the na- 
vigation around the Indian and Burmese 
coasts; some of them were built as early 
as 1817, but for the most part they have 
been constructed within the past thirty 
years. 

Such is a résumé of the principal facts 
contained in Mr. Danvers’s official paper, 
which possesses, to recommend it, besides 
the length and extent of its statistical 
information, a graphic delineation of the 
most interesting topics connected with 
Indian trade, and improvements in the 
finely executed series of maps which are 
comprised in the report. 





7 Russian Government has granted a 
concession of 30 years to M. Titgen, 
Councillor of State to the King of Den- 
mark, M. Erickson, a merchant, and M. 
Pallisen, consul-general for that country 
at St. Petersburg, for the establishment of 
submarine telegraphic lines between Asia- 
tic Russia and Osaka, Yokohama, or Nan- 
gasaki, in Japan; and Shanghai, Fou- 
djaon, and Hong-Kong, in China. The 
company thus formed will ask for the 
authorization of the Chinese and Japanese 
Governments, and the Russian executive 
will lend its good offices in the matter. 
The concessionaires bind themselves to 
attach this system of telegraphy to a sta- 
tion and telegraphic line of the State in 
Russia in Asia. 





ee Greenwhich Hospital Pension of 
£65 a year vacant by the death of Mr. 
T. Bullions, chief engineer, on the 8th 
inst., has been awarded to Mr. Thomas 
Brown, inspector of machinery, from that 
date. 
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THE APPLICATION OF PHOTOGRAPHY TO SURVEYING 
PURPOSES. 
By CAPTAIN STOTHERD, R, E. 
From “ The Building News.”’ 


The attention of photographers has re- 
cently been much turned to the utilization 
of this very useful branch of art, and many 
excellent applications have been discover- 
ed, the practical results of which may be 
seen every day. There is, for example, 
the very beautiful process of the reduction 
of plans by photography from a large to 
any given smaller scale, by which the sav- 





the accuracy obtained far greater than 
that which would result from any me- | 
chanical mode of reduction. Again, there | 
is the photo-lithographic process, and | 
others besides, which it is unnecessary | 
here to enumerate. Among the most re- | 
cent applications of photography is the | 
attempt to bring it to bear practically on | 
field surveying, and by it to obtain data | 
from which an actual survey may be plotted | 
as from an ordinary field-book. This has 
been done in Austria with considerable 
success; and again in the Paris Exhibi- 
tion of 1867, Mons. Auguste Chevallier, 
No. 1 Rue de Conde, Paris, exhibited a 
very neat and clever instrument, designed 
with the same object in view. 

The rapidity and accuracy with which 
photography, as applied in this way, is 
eapable of recording, in true relative posi- 
tion, the different objects composing any 
view falling within the focus of the lens of 
an instrument, render it highly probable 
that at no very distant day it may come into 
general use for military purposes, and 
that instruments (if not like that of Mons. 
Chevallier, on somewhat similar princi- 
ples) may form a part of the equipment 
of every army which takes the field; a 
description of it may therefore be in- 
teresting. 

It consists of a stationary horizontal 
plate or table, supported on a tripod-stand, 
over which a movable plate is arranged to 
revolve, ‘with a uniform motion, by the 
action of elock-work. This upper movable 
plate is provided with a prism or mir- 
ror, by which the image of an object in 
front of it is projected upon the stationary 
horizontal plate. By means of a simple 
arrangement fixed at the lower part of 
the tube, carrying the prism, the light can 





be effectually excluded at any point dur- 
ing the period of its rotation. As the 
upper plate revolves, the image of each 
object, as it passes in front of the prism, 
is projected on the lower or horizontal 
plate in true relative position; and if a 
sensitized glass be introduced in connec- 
tion with this stationary horizontal plate, 
& panoramic view of all objects presented 
during a single revolution of the upper 
one is photographed thereon, each object 
being in truly mathematical relative posi- 
tion with all others in the same panoram- 
ic view, with reference to the central 
point on which the instrument revolves. 

This central point at which the instru- 
ment is placed corresponds exactly with a 
trigonometrical station at which, in the 
ordinary operation of surveying, a round 
of angles is taken by a theodolite; and 
the panoramic view corresponds to a round 
of observations, which are, however, in 
Mons. Chevallier’s arrangement, recorded 
in the form of a picture, round the circum- 
ference of a circle, described with the tri- 
gonometrical station as its centre, whereas 
in the ordinary mode of procedure they 
are represented by a series of bearings 
with reference to a given meridian, and 
recorded in the form of angles therefrom. 

The opening in the upper plate through 
which the image is projected upon the 
sensitized glass, is in the form of a slit, 
about one-third of an inch wide in the 
outer circumference, and gradually taper- 
ing towards the inner circle, bounding the 
exposed surface, its sides being in the 
direction of the radii drawn from the 
centre of revolution of the instrument. 
A simple arrangement covers this slit and 
excludes the image till the moment for 
exposure arrives, when it is opened by 
turning a mill-headed screw. The time 
of exposure is regulated by the rate of the 
clock-work, each object being presented in 
succession on the sensitized glass during 
the interval of time taken by the slit or 
opening to pass over the are of the circle 
corresponding to it. 

The image can be cut off at any point 
required during the revolution of the in- 
strument by simply turning the mill-head- 
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ed screw already mentioned so as to cover | knowledge will answer the purpose, if 


the opening ; and thus any portion of the 
panorama may be photographed at will, 
without completing the whole revolution. 
The mean of focusing is attached to the 
upright portion, and a small telescope in 
connection therewith gives the power of 
regulating it, so that a sharply defined 
image may be obtained. The image pro- 
duced on the glass is a negative, which may 
itself be used in plotting the different 
points of the panorama on the plan, pre- 
cisely in the same way that a round of 
angles is plotted by means of a circular 
protractor; when there is time, however, 
a print from this negative affords a more 
convenient medium for this purpose. In 
making a survey with this instrument, a 
base is measured, and panoramic views 
from its extremities, and from other points 
required, are taken; and the positions of 
the most defined objects being laid down 
by plotting on the plan, by means of the 
pictures obtained, the remaining detail is 
readily inserted by minor measurements, 
productions, and intersections. Mons. 
Jouart, Lieutenant of Artillery of the Im- 
perial Guard, has published a very inter- 
esting and detailed account of this appa- 
ratus and of its use, from his own practi- 
cal experience, as a surveying instrument 
combining, as it does, considerable accura- 
cy with rapidity in obtaining the necessary 
data for plotting. The record being self- 
acting, no error can arise from a mistaken 
entry of a bearing. Ifa series of views were 
taken from prominent points, a system of 
triangulation might be rapidly carried 
over any district of country, and on this 
triangulation the detail could be very 
readily built. 

It would be very desirable to test this 
instrument practically, in order to obtain 
some idea of its working powers. As re- 
gards its disadvantages, which appear to 
be the necessity of carrying about a dark 
tent and certain photographic apparatus, 
and the employment of trained photo- 
graphers, I would observe that, as a pho- 
tographic equipment will probably form 
an appendage of every army that takes 
the field in modern warfare, the first ob- 
jection is scarcely worth considering, 
provided the instrument itself can be 
made in a sufficiently portable form for 
transport. As regards the necessity for 
providing skilled photographers to work 


it, men with comparatively little previous | 





first-rate hands cannot be obtained, be- 
cause the pictures to be produced are not 
required to be kept as works of art, but 
are simply to be used for plotting pur- 
poses, for which such great perfection is 
not necessary. Mons. Jouart states that 
some of the negatives used by him in his 
surveys were taken by men who had had 
only three or four days’ practice in photo- 
ep 

In addition to the mode of working this 
instrument already described, it may be 
used without clock-work, by simply 
arranging it to remain stationary at 
certain given points round the circum- 
ference of the circle of the panoramic 
view to be taken, the distance between 
the stationary points at which the appa- 
ratus is fixed for each view being regula- 
ted by the space on the sensitized glass 
on which the image of the view to be taken 
will be cast in proper focus. The effect 
of this process is to produce a series of 
views forming a panorama, and, in point 
of fact, giving a very similar result for 
working purposes to that obtained with 
the clock-work, the only difference being 
that in the one case a series of views is 
produced, whereas in the other the result 
is one continuous picture, extending with- 
out a break completely round the circle. 

When no eclock-work is used, the 
arrangements for exposing the sensitized 
glass are somewhat different from those 
required with the continuous action as al- 
ready described. a broader space being 
exposed for a certain definite interval of 
time, and then the apparatus passed on to 
the next space, which is in its turn ex- 
posed, and so on till a complete circle, or 
portion of a circle, has been photographed. 
The instrument exhibited in Paris at the 
International Exhibition excited a great 
deal of interest ; ii is a comparatively new 
idea, and it is to be hoped that it will 
prove as useful as its inventor antici- 
pates. 





pp is going into the iron manufac- 
ture on a large scale, and with Lake 
A number of capitalists 
there have formed a company, and con- 
template the erection of a large mill at 


Superior ores. 


Joliet. Wrought-iron gas and water pipes 
will form one feature in the production of 
the establishment. 
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IMPROVED PISTON FOR STEAM AND OTHER ENGINES. 


By MR. T. H. MARTIN. 


From “ The Mechanic’s Magazine,” 


At the annual meeting of the Miners’ 
Association of Cornwall and Devon, re- 
cently held at the Polytechnic Hall, Fal- 
mouth, Pendarvis Vivian, Esq., M. P., in 
the chair, the following important and in- 
teresting paper, by Mr. T. H. Martin, of 
the Morfa Copper Mills, Swansea, was 
read, it being selected from amongst se- 
veral other papers which had been sent in 
for discussion :-— 

The piston being the medium by which 
the power of the steam is exerted and 
transmitted through the rod to the work 
to be performed, it naturally forms one of 
the most important parts of the steam 
engine; consequently the duty of the en- 
gine, in a great measure, depends on the 
efficiency of its work. Pistons are of va- 
rious constructions, but all may be classi- 
fied under two heads, viz., those for single- 
acting and double-acting engines. In 
single-acting the steam is admitted on one 
side of the piston only, the reverse side 
being generally hollowed out; whilst in 
double-acting engines the sterm is ad- 
mitted on both sides alternately. It is 
not material in the construction of a pis- 
ton whether the engine is condensing or 
non-condensing. 

I propose to refer to each class of pis- 
ton in the following order:—First, to 
those for single-acting pumping engines; 
second, to those for double-acting engines. 
I purpose briefly describing the form, and 
to point out the disadvantages attached to 
pistons that are generally applied to 
single-acting engines. They are variously 
constructed, as before remarked, particu- 
larly those parts—i.e., the rings—which 
are brought into rubbing contact with the 
cylinder. These are generally made par- 
allel or bevelled; they are invariably 
packed behind with greased gasket, india- 
rubber, lead, or with patent packing, for 
the purpose of pressing them against the 
cylinder, or to make them steam-tight. 
Goodfellow’s bevelled rings, fitting be- 
tween flanges of piston, with a narrow 
wedge-like ring behind, are sometimes 
used; also Ramsbottom’s small square 
rings, which are fitted into the periphery 
of the piston. Some use Stephenson’s 
method, consisting of rings with stecl 





springs, and bolts for tightening; others 
adopt segments with wedges. ‘These and 
various other methods have been applied 
from time to time for producing contin- 
uous steam-tight pistons, but hitherto 
without success. Having briefly describ- 
ed a few of the varieties of pistons in use, 
which may be classified under two heads, 
viz., packed and spring, I will now point 
out the disadvantages attached to each. 
Packed pistons are those which are pack- 
ed with gasket, etc. They continue steam- 
tight for a very short period only, and 
even when in that state produce enor- 
mous friction, so much so that the engine 
is deprived of much of its power. The 
friction is also the same in the “ outdoor ” 
as in the “indoor” part of the stroke; 
this is unnecessary, for the piston is not 
required to be steam-tight in going the 
“outdoor” part. Spring pistons are 
those which are provided with steel 
springs, bolts,"wedges, ete. They quickly 
(through wear and tear, heat, etc.) lose 
their elasticity, producing results precisely 
the same as in packed pistons. The 
steam in escaping is not only a loss of 
power in itself, but on its escape to the 
other side of the piston, which is open 
to the condenser, partially destroys the 
vacuum. 

The following may be taken as showing 
the principal disadvantages attached to 
pistons now in use: First, when steam- 
tight, increased friction from being newly 
packed, and unnecessary friction when 
going the outdoor part of the stroke. 
Second, steam, in escaping, is a loss of 
power in itself. Third, in its escape it 
considerably decreases the vacuum, which 
is also a loss of power; and, last, the great 
expense of labor and materials, etc., in 
packing, with the necessary delays occa- 
sioned therefrom. 

It isan admitted fact by all engineers 
who have at all considered the matter 
that the Cornish pumping or single-acting 
engine is capable of developing a far great- 
er amount of duty than any other class of 
engine when under similar conditions; 
and it is with the view of an increased 
development of power in this type of en- 
gine that I suggest the introduction of 
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steam-tightening pistons. The good re- 
sults obtained from trials made, prove 
that the great advantages they possess 
result from the principle on which they 
are constructed, and I feel assured that a 
trial only is necessary to convince any one 
of their superiority over the present meth- 
od. Steam-tightening has been adopted 
for many years past for locomotive and 
other small engines, but from the imper- 
fect method of admitting the steam, and 
defective construction of the piston and 
rings, they have in most cases been aban- 
doned. 

The forms of piston I propose for single- 
acting pumping engines are in Figs. 1 and 
2 in accompanying engraving. Fig. 1 is 


for a piston where steam is admitted on 
top, as for the ordinary single-acting 
pumping engine. Fig. 2 is for a piston 
where steam is admitted under, for single- 
acting of the inverted type. 

The piston may be described thus:— 
The form of the body does not vary much 
from those now in use, and may be fitted 
to the rod in precisely the same manner. 
The difference is in the rings, which are 
three in number, and are well fitted to 
each other, ground and scraped to flange 
of piston, and to lugg ring. To allow for 
the wear of the outer rings, the inner one 
is made a little larger in diameter, and a 
piece is cut out of its circumference to 
make it fit at the back of outside rings; a 
spaces S (a little larger than that which 
is generally allowed for packing in packed 
pistons) is provided for steam, which is 
admitted through holes T, arranged as in 
Figs. 1 and 2. By this arrangement, when 
steaming, a continual pressure, equal to 
the working pressure, acts against the in- 
ner surfaces of the inside ring F, which 
presses the others against the cylinder in 
such a manner as to effectually prevent 





any escape of steam from one side of the 
piston to the other. 

The advantages gained by the above 
piston over that of the ordinary construc- 
tion are:—Economy in fuel; increased 
power from less friction (for when in equi- 
librium the latter would be very trifling) ; 
the saving of steam that would otherwise 
escape, thereby increasing the vacuum; ef- 
fecting a great saving in labor, and ma- 
terials for packing, and also in preventing 
delays. Seventy-five per cent. of the old 
pistons could be easily converted into 
steam-tightening on this principle, and at 
a very trifling expense. 

Referring, secondly, to pistons for 
double-acting engines. Those generally 
used are, as before described, for single- 
acting engines, and any advantages with 
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regard to increase of power and economy 
in fuel which may be derived from steam- 
tightening in that type of engine would 
be double when applied to engines of this 
class. The method for admitting steam 
behind the rings, as shown in Figs. 1 and 2, 
would necessitate the piston being provid- 
ed with two sets of steam-tightening rings, 
one for each side of the piston, also with 
two lugg rings, with bolts, nuts, etc., and 
then only one set of rings would be steam- 
tightening at the same time, the other 
being drawn inward by vacuum, when 
from one side or the other a continuous 
rattling of the rings would ensue, thus 
producing the following objections for 
steam-tightening the pistons of double 
engines, on the principle of those for 
single-acting:—First, the piston would be 
required more than twice the depth it 
need be. Second, the continuous noise 
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consequent from rings being acted on al- 
ternately by steam and vacuum. 

To obviate these objections, and to use 
only one set of rings, I have designed a 
piston as seen at Fig. 3 in the accompany- 
ing engraving, and for which letters pat- 
ent have been granted. 

These figures represent a half plan and 
a vertical section of the piston of a 36-inch 
horizontal condensing engine, which has 
been working for the last six months night 
and day (Sundays excepted), effecting a 
saving in fuel quite 15 per cent., with 10 
per cent. additional power. The cylinder 
was opened a few days since merely for 
inspection of piston, and, to my great sat- 


isfaction, scarcely the slightest amount of | 


wear was discovered, either in valve or 
rings, it being steam-tight in all parts of the 
stroke. The vacuum has been improving 
from its commencement, and may now be 
considered as almost perfect; this has 
arisen no doubt from the rings and 
cylinder becoming better fitted to each 
other. 


The invention consists in the introduc- | 
tion of a valve, C, in the body of the pis- | 


ton having chambers, B, formed in its in- 
terior at each end. 
walls of these chambers, and communica- 
ting with the interior of the piston, are any 


Around the sides or | 


|securing the lugg ring. 





convenient number of ports or openings, 
D. These, as the valve is forced to and 
fro alternately, communicate with the in- 
terior of the piston, E, allowing the steam 
to press or tighten the rings, F, against the 
the sides of the cylinder. H are bolts for 
To prevent 
“blowing through ” while the valve is in 
motion, the port-holes are so constructed 
that one side will have closed before the 
opposite oneopens. The valve or valves 
may be made either single or double, and 
placed opposite to each other, or other- 
wise, as may be found most convenient. 

The advantages gained by this invention 
comprise the following: the economizing 
the entire cost of the springs, bolts, and 
nuts in the construction of ordinary 
spring pistons, aud with the common 
packing with yarn, vulcanized india-rub- 
ber, and lead. There will be a great saving 
also in labor and fuel, prevention of de- 
lays in opening cylinders, etc., and the 
loss of power to the engine on account of 
the springs, rings, and packing losing 
their elasticity. 

After reading the paper, Mr. Pearce re- 
marked that he could bear testimony to 
the efficiency of the new description of 
pistons, having seen them in engines at 
Swansea. 





THE SPIRAL PUMP. 


From * Engineering.” 


It is with much pleasure we notice the 
great improvements Mr. Airy has just made in the improvement of the machine 
made in a hydraulic machine of a very re- | is, in the opinion of the author, due to the 
markable character, hitherto but little un- rudeness of its construction, and we ven- 


derstood. Although the spiral pump— 
as Mr. Airy states at the outset of his 
valuable little work on the subject now 
under review—“ was invented more than 
acentury ago by Andreas Wirz, the tin 
worker of Zurich, and was afterwards 
made the subject of theoretical investiga- 
tion by Bernoulli and Kylelwein, and in 
spite of the unqualified approbation be- 


| 


son why so little progress has hitherto been 


ture to add—what Mr. Airy’s modesty 
would not allow him to do—to the very 
complicated nature of the theoretical in- 
vestigation involved in the action of fluids 
moving through spiral channels, a subject 
Mr. Airy has evidently thoroughly inves- 
tigated and made himself master of. It is 
gratifying, indeed, to observe that the 
author in dealing with this subject is able 


stowed upon it by all who have studied | to bring to bear upon it, not only the at- 
its action, the machine has been practical- | tainments of a high order of mathemati- 
ly ignored, and as a consequence it has-not cal knowledge, which, as the son of the 
received that attention to mechanical de-| Astronomer Royal, we might perhaps nat- 
tails which so greatly tends to the improve- | urally look for, but that thorough practical 
ment of a machine ; indeed it does not ap-| knowledge of mechanics, which we know 
pear that more than four working speci-| Mr. Airy has acquired—in the only way 
mens have ever been constructed.” The rea-! it can be properly acquired—by going 
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through the usual apprenticeship of the 
workshops. 

In addition to the causes just referred to, 
as operating against the more general use 
of the spiral pump, may be added the 
great irregularity which has hitherto at- 
tended its working, arising from the dis- 
charge of both air and water through the 
vertical pipe, and the difficulty of making 
good the water-tight joint. Both these 
difficulties have, it will be seen, been suc- 
cessfully overcome by Mr. Airy; in the 
first place by the addition of a separate 
chamber to receive the alternate dis- 
charges of air and water through the 





| 
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placed that the drum is more or less im- 
mersed; then, as the drum is turned, the 
open end of the pipe that is coiled on the 
drum takes in a portion of air and a por- 
tion of water at every revolution; and 
when the drum has been turned as many 
times as there are coils of the pipe upon 
it, then the pipe on the drum is full of these 
fluids in regular order, the water in each 
coil lying at the bottom of the coil, and 
the air at the top (the quantity of each 
depending upon the depth of immersion 
of the drum). If now the drum be still 
turned, the water and air in the last 
coil are discharged into the horizontal 


spiral coil; and secondly, by the simple | pipe gudgeon of the machine, and by it 
and ingenious form of leather joint he has | into the vertical pipe; and at every addi- 
tional turn of the drum an additional dis- 
charge of air and water takes place into 


adopted. By these means, and by care- 
fully investigating the theory of the prin- 
ciples involved in its action, in which he 
has been materially assisted in his pre- 
liminary investigations by the use of a 
model with glass coils, the author has con- 
verted what has hitherto been but of 
little practical utility, into a highly effec- 
tive hydraulic machine, capable of raising 
water to great elevations; and, under many 
circumstances, where there is an abun- 
dance of water supply even of a very low 
fall, it is easy to see that it is capable of 
most useful and economical application. 

The following extracts and illustrations 
will enable our readers readily to under- 
stand the principle upon which these im- 
proved spiral pumps are worked; but for a 
great deal of other very interesting and 
valuable information in regard to it, we 
would refer them to the work itself: * 

The spiral pump is constructed as fol- 
lows: A metal pipe is coiled round a 
cylindrical or conical drum, which is placed 
with its axis horizontal; this drum is car- 
ried by means of two axial pivots—one, a 
solid gudgeon, running in fixed blocks, 
and carrying on its end a crank, by means 
of which the drum can be turned; 
the other, a strong pipe leading into the 
curved end of an upright pipe, in which 
it turns by means of a water-tight joint; 
one end of the metal pipe on the drum is 
left open, while the other end is led into 
the side of the horizontal pipe gudgeon 
above described, and soldered to it at the 
joint. 

If the above machine be erected at the 
surface of a reservoir of water, and so 





* The Spiral Pump, applied as a Force Pump, etc., by W- 
Airy, B. A., ete. Willis, Southeran & Co., London, 





the vertical pipe; the air at once rises to 
the surface and escapes, but the water re- 
mains in the vertical pipe, and establishes 
a column of fluid, which is supported as 
follows: 

Suppose that all the coils of the machine 
have been filled as above described, and 
that at the next turn of the drum, water 
will be discharged into the vertical pipe; 
also suppose that the drum is cylindrical, 
and is immersed to half its depth in the 
reservoir, so that the quantities of air and 
water in each coil are equal, then the posi- 
tion of the fluids will be as shown in Fig. 
1; the drum has received the additional 
turn, and a charge of water has been de- 
livered into the vertical pipe, in conse- 
quence of which the water has risen m 
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that pipe, and a pressure column is estab- 
lished. The pressure of this column act- 
ing upon the surface of the air at a, and 
transmitting its pressure by means of the 
air in a b to the surface of the water at 3, 
tilts up the column of water, B c, so as to 
make it assume the position B’ c’, and thus 
establishes a small column of water (equal 
to the difference of level of B’ and oc’) tend- 
ing to balance the water column in the 
vertical pipe. At the same time the water 
column, B’ c’, transmits the pressure (les- 
sened, however, by the portion which it 
carries itself) by means of the air in c’ p to 
the water surface in the next coil at p, and 
the water column in this coil in like man- 
ner is tilted up into the position p’r’, and 
supports a portion of the column in the 
vertical pipe; and the same is repeated in 
all the coils on the drum. These opera- 
tions must not, however, be understood 
to follow one another in sequence, but all 
take place simultaneously; the water col- 
umn in every coil is tilted up a little, that 
nearest to the vertical pipe being tilted 
most, and that nearest to the in-take 
mouth least; and the sum of the columns 
of support thus gained in the coils of the 
pipe is equal to the column in the vertical 
pipe; and thus equilibrium is maintained. 

Let now the drum be further turned. 
Then more water is discharged into the 
vertical pipe, and a higher column has to 
be supported; and, as above described, 
each of the water columns in the coils will 
be further tilted up, the coil nearest the 
vertical pipe taking the greatest share of 
this additional tilting, and the coil near- 
est to the in-take mouth the least. Since, 
then, the water column in the coil nearest 
to the vertical pipe, receives always the 
largest share of the work of support, 
itis clear that the upper surface of this 
column will always stand higher than 
that of any other of the columns; and in 
the progress of turning it will at last ar- 
rive at the top of its coil. 

If, now, the drum be further turned, 
the water in the last coil being incapable 
of doing more towards the work of sup- 
port, will simply overflow into the coil 
next behind it, and the columns in the 
succeeding coils will arrange themselves 
‘as above described), to support the addi- 
tional column in the vertical pipe. In due 
course of time the upper surface of the 
water column in the last coil but one will 
arrive at the top of the coil; and then this 





column also is performing its maximum 
duty, and, on the machine being further 
turned, overflows into the coil behind it. 
In this way the columns in all the coils 
are in succession brought to their posi- 
tion of maximum duty, the column in the 
vertical pipe constantly mounting higher 
and higher; and finally, when the columns 
in all the coils are working at their max- 
imum duty, the machine is lifting to the 
greatest height which it can accomplish. 
If, now, the drum be turned the water is 
delivered backwards by the above-men- 
tioned system of overflow throughout the 
coils just as fast as it is discharged into 
the vertical pipe, and no increment of 
height is attamed. * * * 

Thus far it has been assumed that the 
air and water are both discharged imme- 
diately into the vertical pipe; and it is in 
this way that all the working pumps of 
this kind have been constructed. But 
there is great inconvenience in allowing 
air and water to go up the same pipe; the 
water is discharged irregularly, with noise 
and shocks, and is charged with air-bub- 
bles. Also there is special inconvenience 
in making the water-tight joint (the only 
joint in the whole machine), in the curved 
end of the vertical pipe. To remedy these 
evils, the author devised the arrangement 
exhibited in Fig. 2, by means of which the 
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machine has been made to work with re- 
markable uniformity and success. a Bis 
an air-tight box, and the pipe-gudgeon, o 
p, is led into the side of a B by a water- 
tight joint. This joint is simple and ex- 
ceedingly tight; it is merely a single thick- 
ness of leather, in which a hole is cut 
somewhat smaller than the pipe; the 
leather being secured to the outside of 
the box, as shown in the figure, the end of 
the pipe is forced through the hole in the 
leather, which thus is somewhat coned, 
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and its edge wraps close against the pipe; | the machine very clearly shows how in- 
the pressure of the water acting on the | geniously, by means of a very small quan- 
side of this leather cone always tends to | tity of mercury, which is made to cireu- 
secure the joint, which is so tight that it | late through the coils, a continued stream 
does not let through a drop of water; in | of water is lifted to a very considerable 
this joint the pipe turns with very little height. The use of such a machine is of 
friction compared with that of a stuffing- | course but of limited application; but for 
box. £F is the vertical pipe; its lower | hall and garden fountains, and small fancy 
end is bell-mouthed, to avoid loss of head | jets of perfumed water, etc., no more suit- 
by contraction of the fluid, and it is able and effective machine could be de- 
stepped on a block at the bottom of the | sired. 
box; at the top is a spout to deliver the With regard to the advantages of the 
water. Kk is a tap, the object of which spiral pump, and the scope for its useful 
will be soon described. | application, we cannot do better than con- 
Suppose the tap, x, closed; then, as the clude our notice with the well-put obser- 
drum is turned, air and water are poured | vations of the author himself on this sub- 
into the box; the air, as fast as it enters, | ject: 
ascends to the top of the box, while the| “The advantages of it are numerous 
water remains below, and is forced up the and important. Its chief recommenda- 
vertical pipe, as already described. | tion lies in the simplicity of its action, and 
In this state, the air is of great value, | the fewness of its parts; there are no sli- 
as the upper part of the box then forms | ding valves or other moving pieces liable 
an air-chest (as in a fire-engine), and the | to expensive repairs, and the one water- 
expansive force of the air, under pressure, | tight joint is simple, safe, and easily re- 
insures a regular and even flow of water | newed without skilled labor. The friction 
from the spout at the top of the vertical | may be reduced to a very small amount, 


pipe. for since the drum is always more or less 


It thus appears that the height to which | immersed, it will be proper to make the 
these machines can force water is deter- drum hollow and water-tight, so that by 
minable simply by the number and size of | proper adjustment of its size, weight, etc., 


the coils. The author next proceeds to | it shall float in the reservoir without bear- 
show how the maximum effect varies in | ing at all on the gudgeons. The friction 
the proportion in which the air and water | of the water in the pipes is of course una- 
are alternately taken in at the mouth of | voidable, but except the velocity of rota- 
the coil, and how the conical form of drum tion be very great (and this will not be 
is preferable to the cylindrical in counter- | advisable in any case), the friction will not 


acting the prejudicial effects due to the 


compression of the air in the coils; the | 


singular phenomenon of regurgitation is 
then noticed and explained. The adap- 
tation of the horn to the intake-mouth, as 
originally applied by Wirz, the inventor, 
is then considered by the author, and also 
the curious effect it has on the arrange- 
ment of air and water in the coils. 

Before referring to the subject of the 
general application of this machine, we 
would say a word in regard to a very in- 
genious and beautiful application of this 
principle of the spiral pump, the invention 
of the author’s brother, Mr. H. Airy. In 
this machine, which is appropriately called 
@ mercury pump, that fluid is substituted 
for the air, and plays a very important 
function in its action. Owing to its much 
greater specific gravity, the mercury col- 


umn only needs to be '; of the height of | 


the water column, and the description of 


be very considerable. 

“The application of the machine would 
' seem chiefly to lie in the lifting of mode- 
‘rate quantities of water to a considerable 
‘height, as, for example, the supply of 
| water for domestic purposes from a stream 
| or spring at a considerable distance below 
‘the dwellings to be supplied; if there is 
|any fall of water, the machine could be 
‘conveniently driven by water-power, and 
with far greater economy than the hy- 
'draulic ram. In such a position its value 
| would be peculiarly felt, as the stoppage 
of house supply is exceedingly objectiona- 
ble, and this machine could scarcely any- 
how get out of order except at the water- 
| tight joint, which is renewed in a few min- 
utes.” 








aris makes little watches no bigger 
than a three-cent piece, but the price 
‘is $200. 
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THE ASPHALTE MINES AND WORKS OF PYRIMONT, SAVOY. 


From ‘‘ The Practical Mechanic’s Journal,’’ 


It is not a little curious how little is | 


commonly known in Great Britain of the 
asphalte industry of France—one thought 
so important abroad, and to which we are 


indebted for whatever asphalte is em-_ 


ployed by engineers or architects in our 
own country. It is equally remarkable 


how much more largely and universally | 


asphalte is employed on the Continent 
than it is with us; though there, as here, 
it competes with artificial—so-called—as- 
phalte, made from coal-tar or its distilla- 
tion educts, mixed with sand, clay, lime, 
etc. Chemically, this artificial asphalte 
may not quite improperly take its title, 
but its physical properties as a cement or 
a covering are very different from those 
of the natural asphalte, and, in certain 
respects, very inferior. 

For mere water-staunch coverings there 
is no question but that the coal-tar as- 
phalte may, by proper management, be 
made to answer perfectly ; and even as a 
covering for foot-ways, the experience of 
many of the trottoirs of Paris proves that 


in skilled and careful hands it can be so | 
laid as to be moderately resistant of | 
strong sun heat, and perfectly so of | 


moisture, and, therefore, of frost. 
But even when laid with the utmost 
skill, it does more or less soften with the 


sun, and the foot leaves its impression if | 


the surface be stood upon without motion 
for a few seconds. Whilst badly prepared 
—i. e., with any excess of coal-tar—or with 
the earthy material badly diffused and in- 
corporated, foot-ways of this artificial as- 
phalte get perfectly sticky, and even half 
liquid here and there ; and “blow-holes” 
of vapor of some volatile coal-oils open 
here and there, which afterwards permit 
the entrance of water, and the next hard 
frost splits up more or less the adjacent 
surface. No more valuable or suitable 
use for this artificial asphalte has been in- 
dicated than that so largely found for it 
in Manchester and Liverpool, i. e., for 
the cementing together of granite pave- 
ment for the streets. It is strange that 
this employment for it has been so little 
noticed in London, where we would com- 
mend its extension. This great difference 
between the physical properties as a con- 
structive material of the artificial asphalte, 


and the natural asphalte of Seyssel or 
Pyrimont, arises really not so much, if at 
all, from any differences in the chemical 
properties of the bituminous matter in 
each respectively, as to the state in which 
it is combined by mixture with the solid 
| matters in the two cases. 

Natural asphalte, more or less like that 
|of Seyssel and Pyrimont, is found in 
'many parts of the world, and in rocks of 
several different ages or formations, but 
most usually the rock in which the as- 
phaltic beds are found is caleareous. It 
is so at Seyssel and Pyrimont ; the mines 
at which places, on the right bank of the 
Rhone, between Bellegarde (the frontier 
fortress of France) and Culoz, about an 
hour and a-half by rail from Geneva, are 
situated in the Jura limestone. 

When the Pyrimont station is reached, 
close to the grand sweeping current of 
the united Arve and Rhone, the asphalte 
| works of Pyrimont, the property of Mon- 
| sieur de Malo, are seen close to the river 
| brink, and a short but steep walk, after 
crossing the railway, brings us up to the 
nearest of the many asphalte workings 
which supply the works. Asphalte is 
| brought to them also from more distant 
|parts of Savoy (still in the Jurassic lime- 
| Stone formation, or in the “ Molasse ”) by 
barges across and a little down the river, 
jas also to Seyssel, which is a few miles 
lower down the Rhone upon the same 
bank, and whose natural mineral riches 
and manufactured material are identical 
almost with those of Pyrimont. 

The land here slopes rapidly from a 
sort of rolling and rather inclined moun- 
tain table to the south-east of the Jura 
| chain, and from 400 to 600 ft. above the 
thone, down to the river’s brink. Climb- 
ing about 300 ft. up this steep from the 
railway, we arrive at the first excavated 
face of rock, from out of which the 
asphalte has been extracted, and from 
which much more remains to be got out. 
There are horizontal galleries lower down, 
nearly on the level of the rails, from which 
asphalte is also obtained, the beds to 
which these lead being deeper in the 
rock. 

The asphalte-bearing bed (at the upper 
workings, which are partly open to the 
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day—a sort of quarry of limited height, 
with the heavy cap of covering rock not 


removed) is from 5 to 8 or 10 ft. in thick- | 


ness, nearly continuous, but very irregu- 


lar, both in thickness, richness, and form, | 


and, commonly, with very ill-defined 
boundaries, at the upper or roof side of 
the seam at least. 

The formation of calcareous rock, known 


as the Jurassic, from the characteristic they | 


afford of the material of the irregular range 
of mountain stretching along to the north 
and north-west of the Lake of Geneva, 


and called in globo the Jura—though one | 


long mountain alone, properly bears that 
name—consists of a vast variety of cal- 
careous materials, from incoherent marls 
and hard limestones of nearly pure car- 
bonate of lime, to sandy marls and.lime- 
stones, loose sands with more or less cal- 


eareous dust or mud mixed, and liassic | 


- limestones of variable hardness, but often 
very hard, and containing variable pro- 
portions of alumina, magnesia, and silica 
(in a soluble form), which produce in 
certain beds admirable hydraulic limes. 
These various qualities of limestone are 
in many places found mixed up together 
in a sort of discontinuous stratification, 
and in the most irregular way and forms; 
such is very much the case at these Pyri- 
mont mines. 

The main mass of the rock exposed is 
of very variable petrological character, 
yielding more or less fat or non-hydraulic 
lime when burnt ; but it contains, with a 
rude, irregular sort of discontinuous con- 
tinuity, three remarkable beds. The mid- 
dle one of these, the asphalte, is the sub- 
ject of our notice ; above it generally (not 
always) is found a greenish-gray, soft 
marl, coherent but friable, and below it a 
seam, of variable thickness, of dense, close, 
fawn-colored and gray liassic limestone. 

The asphalte bed is of dark hue, varying 
from perfect blackness but without lustre, 
to a soft gray or yellowish-brown. It is 
in fact only a bed of porous limestone, 
very variably but most thoroughly im- 


| water found in it merely in mechanical 
| suspension. 

| The asphalte is worked on the plan 
called in coal-workings “ pillar and stall,” 
and is all taken out by blasting, the con- 
'sumption of powder being, however, very 
| trifling; when detached, its fracture is 
‘coarse, and generally earthy ; the surface 
| of fracture straight, or tending slightly to 
conchoidal. It is soft, so that one piece 
of asphalte leaves a large umber-brown 
streak when rubbed against the surface 
of another. It is neither sticky nor 
unctuous to the hand, but soils strongly, 
‘and exhales the peculiar smell which, 
‘once recognized, is not easily forgotten. 

| Occasionally, however, parts of the 
| Seam show glistening master joints and 
‘cross ones slimed with gluey asphalte ; 
and now and then, though rarely, cavities 
are found in the rock more or less full of 
| actual liquid asphalte. These indications 
occur wholly in the harder portions of the 
seam and in its lower portions. 

We cannot in a notice, necessarily here 
too brief from want of space, enter upon 
the highly interesting and curious ques- 
tions, as to the origin in the play of natural 
forces which have produced this valuable 
material, further than to say, that prob- 
ably in every case the permeation of the 
porous rock has been produced by natural 
distillation and sublimation of hydro-car- 
bons pre-existing in other states more or 
less analogous to coal; the distillation 
having taken place, sealed up by heavy 
beds of superincumbent rock from access 
of air, the temperature being low, but the 
pressure of the evolved vapors, and that 
under which condensation has occurred, 
very great. During one of the most recent 
eruptions, that of 1862-3, of Vesuvius, 
which breaks through Apennine lime- 
stones—lithologically very much of the 
character of those of Jura—all the wells 
about Torre del Greco began to exhale the 
| exact smell of Pyrimont asphalte when 

heated, and traces of bitumen were ob- 
| served in films upon the surface of the 








pregnated naturally with bitumen. This! water sources. There can be little doubt 
latter can be completely washed out from | that here asphalte was either being 
pulverized specimens by means of sul-| formed from beds of lignite, which are 
phuret of carbon as a solvent, and the | frequent in the limestone of Italy, or that 
limestone then appears almost as white | beds of asphalte, already so formed, were 
and soft and fine as powdered chalk. It | being exposed to heat and vaporization. 

is, in fact, almost chemically pure carbo- The asphalte as extracted from the 
nate of lime, containing merely a trace of | Pyrimont mines is passed down to the 
peroxide of iron, and appears to hold the; works by a double inclined tramway, the 
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surface contour of which in section is a 
nearly exact parabola, the empty wagons 
being taken up by the descent of the full 
ones. The works for its preparation for 
market also lie upon a rapid slope, and 
advantage is taken of this form of the 
ground, so that the raw asphalte arriving 
first at the highest level passes down by 
its own gravity, as it also passes through 
each process, until, arrived at the bottom, 
it is ready for shipment on the river ; that 
which is to be sent away by rail being 
hoisted up again, by the steam power of 
the works, to the level of rails upon a 
short direct and steep tramway by 
means of a wire rope. 

The asphalte of commerce occurs in 
two forms: Ist. The natural asphalte 
merely reduced to a coarse and uniform 
powder, about the size of mustard seeds, 
which is employed for laying floors, foot- 
ways, streets, etc., mixed or not with dry 
sand, or with sand and lime. 

It is simply heated in cauldrons to 
about 250 degs. Centigrade, spread out 
upon the prepared base or foundation, 
and beaten and consolidated with heavy 
instruments of cast-iron heated nearly to 
low redness. 


Laid in this way the asphalte is nearly 
rain-proof, though not so, to even a small 
head of water, and is, when hardened, 


solid, firm, and coherent. The prepara- 
tion at the outset, or first operation, is 
the same for this and for the second sort 
of asphalte, viz., that which is sold all 
over the world in round-shaped flat cakes 
or blocks, weighing about 100 lbs. each, 
and which, when to be used, are quite 
melted up into a thick liquid like pitch, 
and in that state ladled out upon the pre- 
pared floor to the desired thickness, with 
or without admixture with sand, lime, or 
other pulverulent matter. In this state 
the consolidated asphalte is compact, 
water-tight under any head of water, 
harder than the former, rather more 
brittle in extreme cold, and rather softer 
in great sun heat. 

The raw asphalte is powdered in mills 
driven by power, which requires to be 
large from the toughness of the material. 
The mills are of various sorts; 
stones, like those of common corn-mills, 
and heavy cast-iron sharp-toothed conical 
hopper mills, like our bark mills, or 
gigantic coffee-mills. Carr’s patent cen- 


trifugal quartz-crushing, or rather break- 


edge | 


ing, machine, is now in process of erection, 
and about to be tried for smashing up the 
larger lumps. The writer, however, does 
not anticipate any great success from its 
application to this rather tough material. 
No “stone-breaking machines” of the 
class now in such frequent use for crush- 
ing road metals and ores, etc., are as yet 
employed. 

A large train of lifting machinery, 
mainly consisting of revolving screens, 
succeeds the crushing machinery, and are 
chiefly employed for the asphalte to be 
laid dry as it is called, ¢. e., spread in 
powder. Separated into different fine- 
nesses and qualities, this powder is 
packed in casks for export. 

For the manufacture of the fused cakes 
but little previous crushing is required. 
The natural asphalte cannot be melted as 
it comes from the rock, by any amount of 
heat applied with ordinary rapidity, with- 
out the destruction of a considerable por- 
tion of it. Indeed, heated dry it takes 
fire after evolving much gray-blue smoke 
of asphaltic vapor, long before it shows 
any signs of melting or even of softening. 

The process, therefore, by which it is 
rendered a viscid liquid, is a double one, 
dependent partly on solution, partly on 
fusion, or perhaps it would be more cor- 
rect to say that itis simply fusion aided by 
heat. The solvent employed is not the 
product of the Seyssel or Pyrimort mines, 
and is brought to the works from so cis- 
tant a point as from near Autun, in 
France. At Autun there is a vast manu- 
facture of shale or schist oils, ie. of 
various more or less volatile hydro-car- 
bons, applied to several purposes in the 
arts as well as to illumination, procured 
by distillation from bituminous shales or 
schists, after the methods first successfully 
employed, if not first pointed out, by M. 
Selligues. In the refinement by fractional 
distillations of these crude shale oils, 
there remairs a large amount of a peculiar 
viscid, but at any ordinary temperature 
more or less liquid, dark-colored, and pe- 
culiar-smelling shale or schist tar. 

This is the solvent employed for the 
_Pyrimont asphalte. It is brought in casks 
(iron tank wagons would be much better ) 
| by rail, and at once started into a huge 
|masonry tank for storage at the upper 
| part of the works ; this is covered from 
| rain. 

i Into deep rectangular boilers, each 
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about 3 metres long, 1 or 1.2 metres wide, 
and 2 deep, is put acertain quantity of 
this schist tar; a gentle heat is applied 
direct by coal fire to the whole range of 
these boilers, and when the tar boils 
slowly, an equal volume of the raw 
asphalte, in powder or small lumps (just 
as it comes), is added ; the heat is main- 
tained for 12 hours, and at the end of that 





time the whole of the asphalte is found 


intaglio. The floor is of cast-iron plates, 
kept smeared with white clay and water, 
with which also the moulds are constantly 
keptcoated. They simpiy lie upon the floor, 
and the two segments are heavy enough 
not to separate when filled. The buckets 
are, though kept hot, dipped into water 
each run, so that the asphalte parts cleanly 
from them. The filling and emptying 
goes on rapidly, so that eight men do the 


to have bcen dissolved and combined | entire work of moulding of the concern, 


with the tar. ° 


the machinery of which occupies an en- 


From the heterogeneous nature of the | gine of 35-horse nominal power. 


natural asphalte, however, as already de- 
scribed, many nodules, or portions of 
finer divided matter, do not dissolve at 
all, but remain incoherent in the bottom. 
This is little more than mere limestone, 
though penetrated, or, at least, colored by 
asphalte, and externally black and covered 
with tar. 

The boilers have perforated false bot- 
toms, and cocks and mains by which, at 
this stage, the thick liquid matter is rack- 
ed off from the undissolved residue, and 
is passed directly down below, without 
cooling, into another very large rectangu- 
lar cauldron, in which the produce of the 
whole range above gets united. This is | 
kept warm by coal fire heat. Out of this 
the now formed asphalte is laded by hand, 
by men naked to the waist, and put into 
buckets which hold just the right quantity. | 
‘These are carried away by other gangs of 
equally stripped men, who fill out of these 
buckets the wrought-iron moulds, ranged 
upon the floor, in which the cakes of as- 
phalte set hard, and removed from which 
they are ready for market. 

The liquid asphalte is not to the eye 
even, a homogeneous fluid; it looks, 
though at a low temperature in compari- 
son, almost exactly like liquid trachytic, 
or certain basic sorts of lavas, which con- 
sist of a glossy slag, filled full of less fusi- 
ble crystals, all flowing along together 
necordingly ; except that it is intensely 
black and shining, this liquid asphalte 
looks very like very coarse oatmeal por- 
ridge, in which the grains of large meal 
are still quite discernible. 

Each mould consists of a ring in two 
segments, each formed of flat bar-iron 
«bout 6 ins. wide by ? in. thickness. To 
one of these inside is riveted a cast-iron 
plate with the name of the maker (Malo, 





Pyrimont) in relief upon it, so that the 
cake, when hard, shows this trade-mark in 


The men are powerful, but the labor is 
obviously severe, and not free from occa- 
sional danger of a burn. Besides the as- 
phalte of his own mines, Monsieur de Malo 
now works upa large quantity of bitumen 
or asphalte from the Pitch Lake of Trini- 
dad, which is at present imported largely 
into Marseilles. 

It is to be regretted that our own man- 
ufacturers and organic chemists have as 
yet all but ignored that exhaustless source 
of bitumens of several sorts; the more so as 
one of the most recent discoveries an- 
nounced in the limitless field of organic 
chemistry is the production of artificial 
alizarine (a substitute for madder), from 
anthracene (paranaptaline), obtained by 
acting upon these very asphaltes of the 
Jura; and that the Pitch Lake of Trini- 
dad may yet be one of the greatest sources 
of coloring matter for the whole world, 
needs no stretch of imagination to foresee. 
As yet, neither at Pyrimont nor at Seyssel 
have any attempts been made to obtain 
any other products from the natural as- 
phalte than we have above described; per- 
haps a not unnatural consequence of a 
well-paying trade, which nature herself 
has made almost a monoply. 





7 oorte Cement.—A new gum has been 
introduced to the trade, obtained 
from trees in New Zealand ; it is called 
“kourie,” and has found to be a most ex- 
cellent, strong, and water-proof cement 
for calking tanks and cementing pieces of 
glass, stone, or wood together. Before 
using, it is fused or mixed with one-third 
part of its weight of castor-oil. 





r. Tscuupr in his “Travels in Peru,” 

says of Lima, that, atan average, 45 

shocks of earthquake may be counted on 
in the year. 
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OPERATING TILT HAMMERS. 


From “‘ The Mechanics’ Magazine.”’ 


Mr. T. T. Prosser, of Chicago, has front end by a pin/ and the bolts m. In 
invented the method of communicating , the middle of the pin / isa box n, to which 
power to tilt hammers shown in the ac- | are attached the eccentric rods that vibrate 
companying cut. His invention also | the arms I! and I by means of the eccen- 
relates to the arrangement for hanging, | tric O on the shaft P, which is connected 








operating, and controlling the hammer, 
and the changing of the hammer dies both 
in the hammer head and in the anvil. 
The invention has recently been patented 
in England. Our engraving shows a ver- 
tical longitudinal section of the apparatus. 





A A are two sills which form the base of 
the machine frame ; B B are two posts 
inserted in the sills to receive the balance 
of the timbers composing the frame. 
Bolted on each side of the posts B are 
two longitudinal pieces C forming the 
side timbers. The rear post is longer 
than the front one, so as to receive the 
cap or cross piece D on its upper end. 
By thus arranging the frame all parts are 
in position to receive the working parts of 
the machine, and form a durable and per- 
fect arrrangement. On the upper end of 
the front post is the anvil block F, contain- 





ing the die E, which is made adjustable 
and is easily removed. Upon the upper 
and lower side of each end of the cross | 
piece D are fulcrum or pivot boxes G to | 
receive the pivots H passing through the | 
vibrating arms I and I',‘which are con- | 
nected together and held in position by | 
the springs J and bolts K. The arms II' 


to the short arm of the levers 7, which are 
pivoted at R, and, as the eccentric is 
driven by the friction wheels §, it will be 
evident that as the foot is placed on the 
footboard T the shaft P will vibrate and 
bring the wheels in contact with . those 
driven by the belt u. As the pressure of 
the foot causes an increase of friction, the 
vibrations correspond therewith. As the 
hammer is moved up and down by these 
vibrations, the faster the vibrations are the 
harder the hammer will strike, and the 
slower they are the slighter blow the ham- 
mer will strike. As these motions are 
under the control of the operator by means 
of the footboard T and lever 9, the machine 
can be made to strike just such a blow as 
the operator may desire. 

The upper pair of arms are longer than 
the lower arms, and their front ends are 
permanently attached together by means 
of two plates w, through which the ham- 
mer shank passes, and to which it is at- 
tached by the nut V on the upper end of 
the hammer shank. The hammer shank 
near the hammer W is square, and the 
hole in the plate on the under side of the 
arms through which it passes is made to 
correspond therewith, whilst the hole in 
the upper plate is round. The object of 
making the hole and hammer shank square 
is to keep the hammer from turning. By 
connecting the lower arms to the upper 
by means of the springs, the inertia of the 
hammer when at rest and the recoil when 
at work are overcome in such a manner as 
to relieve the machine from those violent 
shocks incidental to the common tilt ham- 
mer and to convert them into useful effect; 
for as the hammer is thrown up by its 
momentum to a greater distance than the 
movement of the eccentric, an increased 





are in pairs, and the lower pair of arms is | amount of tension is imparted to the for- 
shorter than the upper pair ;andthe arms | ward springs; and when the hammer 
are in each pair much further apart at the | descends, the increased tension causes it 
rear end than at the other or front end ; to descend With increased velocity and 
the rear ends of each pair are not con- | additional force, thus being enabled to 
nected, whilst the front ends are. The, strike a much quicker and harder blow 
lower pair of arms is connected at the | than can be done by the machines now in 
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use. As the springs admit of a ready ad- | by the springs, its motions are all easy, and 
justment by means of the bolts and nuts, | it cannot fail to be durable, the importance 
it can be readily adjusted to a rapid or | of which advantages must be evident to 
slow motion as desired, and as the shock |all who are acquainted with the vast 
consequent upon a vibrating motion caus- | amount of labor performed by this class 
ed by a reverse movement is all taken up | of machines. 





HINTS ON HYDRAULIC JOINTS. 


From “ The Engineer.”? 


Extensive as the present application of 
hydraulic power undoubtedly is, there is 
no reason why it should not be much more 
so if two causes of retardation were re- 
moved. The first of these is, that the ex- 
treme adaptability of hydraulic pressure 
to many operations requiring butlittle pow- 
er is as yet not understood. For instance, 
im very many cases a steady and perfectly 
smooth motion, such as can be regulated 
to any speed, and also so arranged that 
the power cannot rise above a certain 
point, would be invaluable for small 
manufacturing purposes. Now, if, as is 
generally the case, a screw, cam, or other 
ordinary mechanical means be used, the 
gradation of speed—though simple enough 
in its first design—offers a difficulty in 
general when the apparatus is in motion. 
Further, should any obstruction occur, 
the power at once begins to accumulate, 
till in many cases the force becomes so 
great as to cause the destruction of some 
part of the apparatus or of the article be- 
ing operated on. The practically perfect 
non-elasticity of water gives just the ad- 
vantages required. A motion of complete 
uniformity can be obtained ; it can, with- 
out stopping the operation of the appara- 
tus, be regulated to any desired extent, 
from nil to the most rapid motion origin- 
ally provided for in the designing of the 
machine. Should the resistance be in- 
creased by any obstructions the machine 
will simply stop, instead of destroying any 
part of itself or the material on which it is 
acting, supposing always that ordinary 
care and knowledge are exercised in pro- 
portioning the work, pressure, and size of 
the machine to each other, and the ulti- 
mate power to the ultimate resistance. 
But it may be objected that hydraulic 
power is only applicable where very great 
resistances have to be dealt with, and that 
it is not at all applicable where very small 
degrees of power are required. Again, it 


| may be said that there is so much trouble 
with the joints as to render other ap- 
|pliances preferable. With this question 
|of hydraulic joints—why they give so 
much trouble, how they ought to be made, 
and what amount of endurance may be 
expected from them when properly con- 
structed, we propose to deal in a simple 
and practical manner, leaving the other 
questions we have opened, for a future 
oceasion. To all intents and purposes the 
joints, more particularly the working ones, 
are the vital parts of any arrangement of 
hydraulic tools. No matter how correct- 
ly the other parts of the apparatus may 
be designed, if the joints be defective con- 
tinued annoyance will assuredly ensue. 
How to make really effective hydraulic 
joints is a secret possessed by but few, 
those generally made being simply bar- 
barisms, and nothing more. No matier 
how well the leathers are made, or of 
what quality of material ; no matter how 
carefully they are inserted, or how cor- 
rectly the recesses for them are shaped, if 
they are called upon to encounter anything 
but a highly polished surface against which 
to work, they cannot last long. It must be 
borne in mind that if an unpolished surface 
is conducive, in the case of a metallic pack- 
ing moving in contact with it, to rapid 
wear, it is, in the case of leather, nothing 
short of positive destruction. In the case 
of leathers under high pressures, the very 
specks in the metal become so many traps 
into which the leather is forced by the 
pressure, only to be rapidly torn away 1 
small fragments. It might seem trite and 
unecessary to urge this truth, were it not 
that we have before us but too many cas 8 
where most costly results have followed 
from the use of unpolished or specked 
surfaces. Over and beyond these causes 
there is still another, which is, we might 





almost say, universal, sv seldom is care 
taken to avoid it, or rather, im 
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fact, so deliberately is it, as_ it | centre of each washer. In this case either 
were, cultivated. We refer to -the| place a loose bit of leather, to take a 
rapid destruction of the leathers by reason | centre from, or use a circular templet, and 
of the destructive mode of insertion in re- | “scribe” round it. When the washers are 
cesses formed only with a view to, first, ‘cut they must be overhauled, to see 
cheapness, in such a way as to positively | whether the thickness is exactly equal all 
insure the actual cutting of the leather. lovee each. If it be not made so, the 
In making hydraulic joints three types of | leathers will draw unequally in the dies. 
leathers are used, which may be classed | The best way to make the washers is to cut 
as cup, cap, and hat leathers respectively. | squares of leather, fasten them by tacks 
The cup leather is the most commonly | to a piece of wood faced true in a quick 
used, and is of a form so well known as lathe, and then turn them, first, to the 
not to need any description here; the | proper evenness of thickness ; secondly, 
cap leather is like a hat deprived of its | cutting them to the right circular size. 
trim, and with a hole in the crown; the |Of course the grain side must go to- 
hat leather is exactly like a hat with a| wards the wooden fave-plate, and the 
brim but no crown. Of course in each | tacks must only pierce the waste corners. 
case the grain of the leather, that is, its | After the washers are thus prepared, they 
outer side, must form the working surface | are to be steeped in soft water till soft 
of the hydraulic packing. It will then | and flexible. 

work to a smooth, evenly polished surface,| When they have thoroughly softened, 
if proper care be exercised in the finishing | they are ready for the dies, which we shall 
the metal work in contact with it. We | proceed to describe. First, we will show 
have found considerable benefit to arise | how a really good pair of dies ought to be 
from the use of the anti-attrition powder | made for making cup leathers. The best 
of Messrs. Morgan Brothers, when applied | material for dies is good hard gun-metal, 
with a little of the best unsalted tallow as | as cast-iron is affected by the tannic acid, 
a lubricating paste to the leathers. For | and so gets very stubborn in its behavior, 


the proper preparation of hydraulic | so that the dies move in and out of each 


leathers of various kinds, the following | other with considerable friction. Besides, 
mode of procedure will be found com- | the iron is apt to tear the leather, since it 
pletely successful. The leather selected | becomes, as it were, adhesive or grating 
must be the best English tannage, that is,|on the surface, so that the leather does 


oak-bark tanned leather. The suitable | 
portions of leather are the hard parts of | 
the butt for large leathers, and the best 
shoulders for small ones ; on no account 
should any of the belly leather be used. 
With a sharp knife the whole of the | 
fleshing, or soft inner portions, must be | 
completely removed, great care being 
taken to cut the leather to a very even 
surface. The slighest cut below the sur- 
face will spoil the part so cut, as the 
leather when at work will there fail, and 
that soon. Having so prepared the inner 
side of the leather, the grain or outer side 
must be turned uppermost, and very care- 
fully examined for any cuts or flaws, no 
matter how minute. With a pair of 
dividers the circles describing washers of 
the sizes suited to produce the required 
leathers, must next be drawn in. For cup 
and hat leathers, an inner circle will be 
requisite to mark the piece to be cut out 
at the centre. When cap leathers are re- 
quired without any hole in the crown, the 
leg of the dividers must not puncture the 





not slide easily into the recess of the dies. 

In Fig. 1 is shown a pair of dies of the 
the most improved design for making cup 
leathers. The figure also includes the 
proper means of forcing the dies home on 
the leather. A is the centre piece of the 
dies, having the projecting spindle A, 
which acts as a guide to centre the leather 
washer and the moulding-ring; B is the 
outer die, fitting accuratelyround A. The 
recess, D, is formed half in each die; when 
this rule is not observed, there is a difti- 
culty in removing the leathers when fin- 
ished, and they are very frequently in- 
jured. When very large numbers of leath- 
ers have to be made, it is worth while to 
provide special means of removal from the 
dies. The best means consist of two rings 
of metal a little deeper than the dies. One 
ring should just pass freely round the die 
A, the other through the die B. The 
edges of these rings must be smooth 
and rounded. The rings merely lie on 
the bench beside the operator. When 
the dies are separated, the leather is 
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very quickly removed from either die by 
means of these rings. Should the leather, 
as is usually the case, be upon the die 
A, this die is merely dropped into the 
ring belonging to it. If the die B should 
FIG. 1 (Want: " 
= 


mL 
——= 


carry the leather, it is forced over the 
proper ring. If these rings are not pro- 
vided, some blunt instrument must be 
used. The bell, C, fitting upon the guide, 
A, is in every way superior to the ring 
generally used for forcing the leather into 
the dies. The small holes at F F, are to 
let out the air. The arrangement of screw 
press for forcing home the bell, C, needs 
no description. The best arrangement of 
all others for forcing the bell home is hy- 
draulic power itself. When a press is at 
hand, the leathers are best prepared by 
placing the dies between the plattens, and 
then allowing merely a slight opening of 
the valve to produce just a leakage into 
the cylinder, by which means a very slow 
and uniform motion may be produced. 
After being forced home into the dies, 
the leather must be allowed thoroughly to 
set. When it gets firm, the pressure may 
be removed and the bell, C, withdrawn. 
Next insert the ring, E, in place of the 
bell, C, and with a very sharp knife or 
chisel, pare the leather off level. If you 
have no lathe you must finish the leather 
in the dies to the section shown at G, but 
if you have a lathe, the leather should be 





put into a split chuck, and carefully 
trimmed. The leather should finally be 
treated with tallow and anti-attrition pow- 
der, as stated above. 

For making cap leathers the tools shown 
in Fig. 2 should be used. The plunger die C 


Kc 


— 


WLLLLSIL LILLIA LLL LLL 


VELL 


should be forced from the centre as before, 
or by a pressure applied true with the top. 
The centre piece A is requisite for facili- 
tating the removal of the leather from the 
die B. It is necessary to make the die C 
with a bell guide C, to keep itself and the 
leather centred with B. When the leather 
has set, the die C is to be removed, and 
the plug D being inserted, the leather is 
to be pared level off. It should, of course, 
where practicable, be finished in a lathe 
to the section at E, and in all cases dress- 
ed with tallow and anti-attrition powder. 

For making hat leathers the arrange- 
ment of dies shown in Fig. 3 must be used. 
The outer die, with its centre-piece, will 
be easily understood from the descrip- 
tions of the other figures. The leather L 
is, in this case, laid with the grain upwards, 
as denoted by the thick line, while in the 
other cases it is placed with the grain 
downwards. In order to form a flat brim 
to the leather the holding down cap D is 
provided to screw on to the die B. It 
must not hold the leather with excessive 
tightness, otherwise the ram C will burst 
the centre of the disc. The upper part of 
D forms the guide for the ram C. After 
the leather is set it should be put on to 
the plug E, and be pared round the edge. 
The crown should be cut out as at the 
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lines F, F. Both these trimmings are, 
however, better done in thelathe. Leath- 
ers thus made cannot fail to give satis- 
faction. It must be borne in mind that no 


grease or other sticky material should go 





near the leathers till they are just about 
to be used, otherwise they will collect dust, 
which is, above all, to be avoided. 











WN 
| 


ay 
il 
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Having made our leathers, we have 
only to speak about their inserticn. As 





| usually inserted (see Fig. 4), the leather 


is forced through a smaller diameter than 
its own, into a recess suited for nothing 
so well as its speedy destruction. Imme- 
diately the pressure is put on, the leather 
is forced into the shape shown at X. 
The result is, that; instead of wearing 
equally, it soon cuts through at the sharp 
corner produced. The proper way to in- 
sert a leather is shown at Fig. 5. Here it 








will be seen that the leather is not put 
through any diameter less than its own. 
At Y is inserted a loose ring of metal ac- 
curately shaped to receive the back of the 
leather, and to form a bed for it. Thus 
the leather will preserve its proper shape; 
no sharp corners will be formed, and, 
therefore, the leather will really wear grad- 
ually away, in place of splitting open or 
tearing. 

So far, we have spoken of the joints suit- 
able for presses, pumps, and accumulators. 
In each of these cases there is, of course, 
a sliding motion through the joints. We 
have now to speak of those joints—in 
pipes, ete.—where there is no such motion 
to be provided for. These joints are usually 
made by screwing up discs of leather or 
lead between sockets and glands. The 
surfaces should have slight circular 
grooves turned in them. Small lengths 
of copper or brass tube should be put as 
insertions where the joint is to prevent 
particles of the packing from being forced 
into the pipes. Im all cases where long 
lengths of pipe occur, expansion joints 
should be provided. 

These joints should be formed on the 
spigot and faucet plan, with flanges held 
together by nuts and bolts. Between the 
flanges thick rubber washers should be 
placed, to allow of the expansion and con- 
traction of the pipes. 

The joint should be made water-tight 
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by a cup leather on the spigot and fitting 
inside the faucet; Fig. 6. shows the con- 


struction of this sort of joint. The ring 
of metal Y may, when numbers have to be 
made, be produced by a pair of tools in a 
press, a soft metal being sufficient for the | 
purpose. In Fig. 6 R, Rare the rubber | 





washers, and § a loose flange. The bolts 
pass through from V to W. It will be seen 
at a glance that the rubber between the 
spigot and faucet allows for any compres- 
sive action on the joint, while the other 
rubber accommodates any stretching ac- 
tion. 

These joints are easily made, as they 
are all simple lathe work, and where any 
quantity is required they can be very rap- 
idly bored and turned with special tools. 
No trouble will ever occur with a series of 
joints properly relieved in this way. We 
have here indicated in detail the correct 
way to go to work in making hydraulic 
joints. Nothing here specified is at all 
superfluous, if a good job is to be made. 
In no branch of constructive art is the 
saw, “What is worth doing should be 
done well,” more fully true than in the 
designing and constructing of hydraulic 
fittings. 





ROTARY 


ENGINE. 


From “The Mechanics’ Magazine.” 


Messrs. Johnson and Gill, of Unstone, | 


Derby, have lately patented some improve- | 
ments in rotary engines and pumps. In 
their invention a direct rotary motion is 
given to the shaft of the engine, the mov- 
ing parts working perfectly steam-tight 
with a small amount of friction. When 
motion is given from an external source 
to the shaft, the piston will act as a pump 
for raising or forcing water. The engine 
consists of a cylinder, secured on a 
foundation, and having a central shaft 
working in bearings at each end. On 
this shaft is mounted a circular piston, 
revolving eccentrically around and within 
the cylinder, at the top of which the inlet 
and exhaust pipes are applied. Between 
the ports a slot is cut, in which a slide 
has a reciprocating motion, and which, 
therefore, separates the exhaust from the 
feed, the slide also working in grooves cut 
within each end of the cylinder, and being 
attached to the piston by a saddle and 
knuckle joint in connection with a belt 
surrounding the piston, but not rotating | 
with it. By this arrangement the eccen- 
tric motion of the piston causes the slide 
to ascend and descend at each revolution 
of the shaft, always maintaining a perfect | 
steam stop. The piston is made in two 





parts, so as to insure its being steam- 
tight. The interior contains a spring ad- 


justed to any pressure by a screw, to bind 
or thrust its periphery against the surface 
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of the cylinder, and the outer ring is di- 
vided into two parts, so that it can be 
sprung to the face of the side. The end 
also of the outer ring contains a groove, 
wherein the ring attached to the strap 
works, which connects the slide to the re- 
volving piston. The strap works through 
the end of the slide, and is connected also 
to a spring at the top of the slide to keep 
it to its work. When used as a pump the 
chest and feed valve is not required; the 
feed and exhaust ports serve equally for | 
the inlet and discharge of the water, the | 
engine working in exactly the same man- | 
ner as when steam is applied. 

We show a vertical section of the engine, 


jointed strap e and loose ring in the cen- 
tre of the piston; fis the shaft to which 
the piston is fixed, and g is the screw rod 
which forces the piston against the inte- 
rior of the cylinder; / is the feed pipe, and 
ithe exhaust ports, the arrows showing 
the direction of the steam or water and 
the consequent course of the piston. The 
slide rises and falls within the groove and 
within the slot j in the upper part of the 
engine above the main cylinder, being 
| always attached to the ring enclosing the 
| cylindrical piston, so as to acquire a reci- 
| procating vertical motion caused by the 
eccentric movement of the piston. The 
engine will be found applicable to driving 





in which a is the end plate or cover of the | screw propellers where direct rotary mo- 
engine, with the groove b cut in it for the | tion is desirable, as it occupies a very 
reception of the sliding top ¢, attached to | small space in comparison with that ne- 


the cylindrical piston d by means of the 


| ce ssary for a reciprocating engine. 





NOTE ON THE EARLIER HISTORY OF THE SCIENCE OF HEAT. 


By GEORGE FARRER RODWELL, F. C. §. 


From the ‘‘ Chemical News.’* 


As a supplement to the lectures on 
“Heat” which have recently appeared in 
this journal, it will not, I think, be out of 
place to give a short account of some of 
the principal facts connected with the 
earlier history of the science of Heat. In | 
doing this it will be impossible to preserve | 
any great continuity, my object being 
rather to indicate some of the old scien- 
tific treatises in which experiments are | 
detailed, and to supply the student with a 
means of reference which the foregoing 
lectures of necessity could not afford. 
memoirs and the works of recent writers | 
on Heat are so well known and so much | 
at the command of all who desire to pur- 
sue the study, that it will be sufficient to 
mention the names only of Cazin, Clausius, | 
Despretz, Franz, Guthrie, Helmholtz, | 
Herschell, Hirn, Joule, Knoblauch, Kopp, 
Magnus, Mayer, Melloni, Pouillet, Reg- 
nault, Balfour, Stewart, Tait, Thomson, | 
Tyndall, and Wiedemann. 


It is difficult to say when the science of | 
It is | 


Heat properly, so-called, first arose. 
certainly a younger science than Statics, 
Dynamics, Hydrostatics, Hydrodynamics, 
Pheumatics, Optics, Static Electricity, and 
Magnetism. I question whether Acoustics 
can be added to this list, although it has | 


ever had the stimulating effect of the art | 


The 


of Music, which, in its turn, had the stim- 
ulating effect of Church Ceremonial, and 
attained some perfection in the 16th cen- 
tury, and much perfection in the 18th. 
M. Libri very truly says, ‘Les recherches 
des Pythagoriciens sur les vibrations des 
corps sont les plus anciennes expé ‘riences 
de physique qui soient parvenues jusqu’’ 
‘nous;’* but we must bear in mind that 
the results of these experiments were ap- 
| plied to Music as an art, rather than to 
‘Sound as a science. Omitting, then, the 
question of the precedence of Acoustics 8, 
_we yet perceive that Heat is among the 
| younger of the sciences. This arises s from 
the fact that, until late in the last century, 
heat was regarded as a chemical agent, 
and became merged more or less into ) che- 
mistry proper. Separate treatises on Heat 
were unknown, but every chemical work 
devoted some chapters to the acts and 
| operations of fire. “Car en effet,” as Le- 
|mery remarks, “c’est par le moyen du feu 
qu’on vient a bout de presque toutes les 
opérations chimiques.” Hence arose such 
| expressions : as “Chymic heat,” “ye hete of 
ye chimists fornace,” etc., to designate 
intense degrees of heat. Then, again, the 
theory of Phlogiston is ean a heat 





* ‘Histoire des Scienccs Mathématiques en Italie.” 1838. 
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theory in one sense, but it has ever been 
regarded as a chemical theory, because 
the action of heat is so closely associated 
with the majority of chemical operations 
that the scientific cared not to step aside 
to examine the nature of heat itself, pre- 
ferring to leave the examination of the 
cause, to study that of the ultimate effect. 
Boerhaave in his admirable “Elementa 
Chemiz,” the most extensive chemical 
work which had up to that time (1732) 
appeared, devotes a good deal of space to 
the “instruments” of chemistry, “begin- 
ning,” as he remarks, “with fire, by rea- 
son that no chemical operation ever was, 
or can be hereafter performed, to which 
fire does not contribute.” (It may be re- 
marked here that fire and heat were often 
used as almost synonymous terms by old 
writers; thus Boerhaave says “Fire ex- 
pands even the hardest bodies.”) I im- 
agine that Francis Bacon’s little treatise 
“De Forma Calidi,” was the first attempt 
to raise Heat into a separate science. It 
was an utter failure, yet the attempt is to 
be applauded, for it was the lack of obser- 
vation and the paucity and obscurity of 
the knowledge possessed at that time by 
the world at large in regard to heat, that 
of necessity resulted in the failure. What 
are we to say to such an assertion as the 
following? “Omnino calor celestium au- 
getur tribus modis; videlicet ex perpen- 
diculo, ex propinquitate sive perigzo, et 
ex conjunctione sive consortio stellarum.” 
S. Gravesande in his excellent “ Physices 
Elementa Mathematica”—one of the best 
illustrated wurks on Physics which has ever 
appeared, and which may even now be 
consulted with advantage—gives 45 pages 
(* Editio tertia, duplo auctior,” 1742) to 
Heat, and 234 to Light. He commences the 
“Liber de igne” with the very pertinent 
remark, in his blunt rugged Latinity, 
“ Pauca de igne norunt philosophi; multa 
ipsos latent,” adding very sensibly (and it 
is to be wished that his example were more 
often followed) “ Hypotheses non fingam; 
generaliora, que experimentis deduci pos- 
se mihi videntur, eo quo potere meliore 
ordine, dicam.” 

The production of fire by the refraction 
and reflection of the rays of the sun was 
well known to the ancients. The sacred 
fire of Vesta was re-kindled by the rays of 
the sun reflected from a metallic mirror, 
and, according to Pliny, the mirror was 
sometimes replaced by a glass globe filled 


with water. Aristophanes clearly alludes 
to the use of glass lenses as burning glass- 
es, in the NegeAau. 

Lactantius, in his curious treatise “ De 
ira Dei,” mentions that a glass globe filled 
with water and placed in the rays of the 
sun, will kindle fire even in the coldest 
weather.* Baptista Porta in his ever new, 
ever interesting treatise, ‘““Magiz Natura- 
lis” —which links the magic of Art of East- 
ern civilization with the magic of Nature of 
Western civilization, Chaldean mysticism 
and Theurgy with the Realism of the 
Renaissance—Baptista Porta mentions 
the fact that heat, sound, and cold may 
be reflected by mirrors in the same man- 
ner that light is reflected. As a delicate 
instrument of observation in the case of 
the reflected cold, Porta placed his eye in 
the focus of the mirror, as, some two and 
a half centuries later, Dr. Tyndall placed 
his eye in a focus of dark heat rays in 
order to see whether any light accom- 
panied the heat rays. Porta’s account is 
interesting ; it occurs in the seventeenth 
book, and is entitled “ Calorem, frigus, et 
vocem speculo concavo reflectere.” “Si 
quis candela in loco,” he continues, “ ubi 
spectabilis res locari debet apposuerit, 
accedet candela per aerem usque ad ocu- 
los, et illos calore et lumine offendet, hoc 
autem mirabilius erit, ut calor, ita frigus 
reflectitur, si eo loco nix objiciatur, si 
oculum tetigerit, quia sensibilis etiam 
frigus percipiet.” Somewhat later Ham- 
erus Poppius calcined antimony “ per ra- 
dios solares” with the use of a lens, in 
order to determine whence came the gain 
of weight. Bonaventure Cavalieri, the 
discoverer of infinitesimals, writing in 
1632, states that he was able to inflame 
dry substances by reflecting the heat 
emitted by charcoal fire by means of a 
spherical speculum ; by using a parabolic 
reflector he produced the same effect at a 
distance of 5 ft., a small fire of wood be- 
.ing the source of heat. He recommends 
a hyperbolic reflector, and asserts that the 
impressions of heat, cold, sound, and 





* Lactantius was born about 4. D. 250 ; he died in 326. His 
words were amongst the first printed in Italy ; the first ei- 
ton issued from the press of the monastery of Subiaco as 
early as the year 1465, while a second issue appeared in Rems 
in 1468, in both cases it will be remembered before a sing @ 
book had been printed in this Island. The passage alluded t» 
above is taken from the 10th chapter, entitled -‘D* munci 
ortu, et reram natura, et D.i providentia,” and is as follows: 
**Omitto siliccm, ac ferrum. Orbem vitreum plenum aque 
si tenueris in suie, de lumine, quod ab aqua refu get, ignis ac- 
cencitur ctiam in duriss:mofrigore."” 
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scent move in straight lines.* Athanasius | stances, and determined the laws which 
Kircher has also treated of reflection in | regulate the radiation of heat. He main- 
his “ Ars Magna Lucis et Umbre.” | tained, however, that air is as essential to 

The term “radiant heat” was intro- | radiation as it is to convection. 
duced by Scheele in his treatise entitled! The subject of the conduction of heat 
“Luft und Feuer.” Pictet in his celebrated | was discussed at some length by Lambert 
“Essais Physiques sur le Feu”(1790)dem- | in his “Pyrometrie,” published in 1779, 
onstrated the enormous velocity of propa- | but the earlier mathematical treatment of 
gation of radiant heat; he also treats of | the subject is due to Fourier, and is de- 
absorption and reflection of heat, and of | tailed in a paper entitled “Théorie Ana- 
latent and specific heat. Prevost made lytique de la Chaleur,” communicated to 
known his “Theory of Exchanges” in | the Académie des Sciences in 1807. His 
1791 through the medium of the “Jour- | definition of conductivity is extremely 
nal de Physique.” | lucid, and he has treated of the cooling of 

Black discovered “latent heat” about | an uniformly heated sphere with great in- 
the year 1760 ; his pupil Irvine introduced | genuity and elaboration. Poisson and 
the term “capacity for heat,” while Gado-| Carnot have also applied the higher 
lin replaced it in 1784 by the term “specific | mathematics to the elucidation of various 
heat.” In connection with the determina- | questions connected with the science of 
tion of the specific heats of various sub- | heat, and in our day Helmholtz, Clausius, 


stances, the following names are most 
prominent: Wilke, Lavoisier, Laplace, 
Kirwan, Dalton, Dulong, Petit, De la 
Rive, Regnault, Favre, Silbermann, Bé- 
rard, De la Prevostaye, and Desains. 

As regards the air thermometer, I am 
inclined to think that Galileo invented it 


about the year 1597; some attribute it to | 
Sanctorio of Padua, others to Cornelius | 
Drebbel of Alemaer, while others, again, | 


maintain that it was discovered by each 
of these men independently of each other. 
Some of the members of the Accademia 
de Cimento first constructed a fluid ther- 
mometer in 1655 or 1656. Edmund 
Halley introduced mercury in the place of 
alcohol. Otto von Guericke was the first 
to take the freezing of water as the lowest 
limit of the scale, while Renaldini, in 
1694, proposed the boiling and the freez- 
ing points of water as the opposite limits 
of the thermometric scale. A kind of 
rude differential air thermometer is men- 


tioned by Sturmius in his “Collegium | 


Experimentale sive Curiosum” (1676). 
Sir John Leslie described the differential 
air thermometer which bears his name, 
in 1804, in his “Experimental Enquiry 


into the Nature and Propagation of | 


Heat.” 

Leslie’s principal work is his “ Essay on 
Heat,” in which he described the radi- 
ative and absorptive power of various sub- 





* Cavalieri was born in Milan in 1598 ; he died in 1647. The 
above is extracte1 from a work entitled “ Lospecchio Ustorio: 
onero trattato delle scttioni Coniche et alcuni loro mirabili 


effetti intorno al lumo, caldo, freddo, suono, et moto ancora.” | 


Bologna, 1632, 
Vou. IL—No. 2.---14 


/and Thomson. 

Mariotte and Hooke observed that glass 
cuts off many of the rays of radiant heat. 
| M. De la Roche discovered, in 1812, that 
radiant heat, which has passed through 
glass, has lost the rays which glass most 
‘readily intercepts, and that, as the tem- 
perature of the radiating source rises, so 
| does the readiness of the radiant heat to 
pass through glass increase. Nobili and 
| Melloni worked together on the subject 
' of radiant heat. The former invented the 
| thermopile, while the latter made the im- 
| portant discovery that rock-salt is ver 
| transparent to all kinds of heat, and that, 
| by using lenses and prisms of rock-salt, 
|dark heat rays may be refracted exactly 
| in the same manner that light is refracted 
by glass. These results were published 
‘in the celebrated treatise entitled “La 
Thermochrose, ou la Coloration Calor- 
vifique,” and were at first received with 
/some credulity by the Parisian savans. 

The most notable experiments in con- 
nection with the polarization of heat 
were made by Bérard in 1812 (“Meé- 
‘moires d@’Arceuil,” vol. iii.), and later by 
Forbes. 

The Abbé Rochon endeavored to deter- 
|mine the comparative heating effects of 
| the various colored rays of the spectrum 
as early as the year 1776 ; he employed 
a flint-glass prism and an air thermometer,. 
‘and reckoned the heating power of the 
|red rays to be about eight times greater 
than that of the violet. In 1798 Leslie 
(?), by using a differential arr thermome- 
| ter, found the calorific eneigies of blue, 
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green, yellow, and red to be as 1:4:9: 
and 16. In 1800, Sir William Herschell 
employed a small mercurial thermometer 
for the same purpose, and arrived at the 
conclusion that the hottest part of the 
spectrum is beyond the red rays. A de- 
tailed account of recent research on this 
subject (especially of the “long spectrum 
of the electric light”) will be found in 
Tyndall’s work “On Heat treated as a 
Mode of Motion.” 

The history of heat theories has not 


Bergman’s “De Materia Caloris” may 
also be consulted by those who are inter- 
ested in this part of the subject. Of 
recent works on Heat I would especially 
mention Clausius “On the Mechanical 
Theory of Heat;” the treatise of Tait “On 
Thermodynamics; the “Théorie De la 
| Chaleur” of M. Desains, and the “ Ther- 
modynamique ” of M. Bertin. 
It is hoped that the above facts—desul- 
tory though they be—may be of interest 
| to those who desire to follow the literature 





been alluded to above because the history | of the science of Heat in greater detail 
of the kinetic theory was discussed at} than is possible in lectures, which are 
some length in the first of the foregoing rather for purposes of demonstration than 


lestures,* and I have elsewhere + treated 
of one of the phases of the material theory. 


| for the discussion of facts connected with 
| the history of a science. 





EXPERIMENTS ON 


IRON AND STEEL. 


Translated from “ Génie Civil.” 


M. Knut Styffe, a Swedish engineer, 
has published the results of experiments 


made by him to determine the elasticity | 


and resistance of iron and steel. 

These experiments were made to eluci- 
date the questions to which the “Diete 
Nationale” had called the attention of 
Government, with reference to the fitness 
of the metals of Sweden for the manufac- 
ture of fixed and rolling material, and to 
their value as affected by their quality. 

The experiments were generally made 
by traction, upon bars 1.50 metres long 
by 125 millim. sq.; some being rough 
from from the forge, others finished by 
the file. The traction was effected by the 
hydraulic press, and was measured by the 
aid of a lever with unequal arms. In 
order to allow for the influence of foreign 
substances, as carbon, silicium, etc., which 
are always found in iron, a great number 
of chips from the bars were analyzed. 

The experiments were made upon iron 
and puddled steel No. 2, from different 
forges ; upon Bessemer steel and iron of 
different manufactories in Sweden; on the 
cast-steel of Dalécarlie, on Krupp’s steel, 
on the English Lowmoor puddled iron, 
and others. 





* “Chemical News," vol. xx. p. 13. (“ Am, Repr.” Sept. 
1869, p. 129). 

+ ‘* On the Theory of Phiogiston ,"’ “ Philosophical Magazine ’* 
for January, 1868. 

t¢ The last two treatises are published in the “ Recueil de 
Rapporte sur l'état des Lettres et les Progrés de Sciences en 
i rg series of which it would be difficult to speak too 

ighly. 


It was found that at ordinary tempera- 
tures permanent elongations depend on 
the chemical composition, on the mode of 
| fabrication, and the manner in which the 
loads are applied. 

Cold hammering and cold rolling in- 
crease the limit of elasticity and resist- 
ance to rupture, but diminish elongation. 
The action of heat produces opposite 
effects. 

Increase of carbon augments solidity 
and diminishes ductility. Phosphorus in 
small quantity seems to have the same 
effect. 

Tempering raises the limit of elasticity 
even in iron. Tempering followed by 
proper annealing increases resistance to 
rupture ; without annealing, it sensibly 
lessens the solidity of steel. 

The co-efficient of elasticity depends 
less upon the composition of the metal 
than upon the manner in which it has 
been worked. 

Traction and hammering diminish elas- 
ticity ; heat increases it ; it seems also to 
depend on density. 

The author thinks steel, particularly 
Bessemer steel, superior to iron in the 
majority of cases. 

Experiments in traction with the Carré 
machine, at the temperature 15 deg., 30 
deg., 100 and 200 C., seem to prove that. 
A temperature of 100 to 200 deg. C., does 
not sensibly affect the resistance of steel, 
but augments that of soft iron. 
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The ductility of iron and steel is not | occur in winter more frequenty than in 
diminished by cold ; that of steel, and |summer; but, according to the author, 
still more that of iron, is diminished by | this is due to the rigidity of the supports. 
heat. M. Sandberg, wishing to verify the 

The limit of elasticity increases with | conclusions of M. Styffe, has made experi- 
cold and diminishes with heat. The | ments to determine the resistance of these 
co-efficient of elasticity varies slowly at metals to shocks, and has met with con- 
high or low temperatures. trary results. He thinks this shows a 

These results seem to be contradicted | difference between the laws of resistance 
by the breaking of rails and of axles, which | to traction and to shock. 





THE UNIFORM MOTION OF WATER IN CANALS AND RIVERS. 


Translated from “ Po!ytechnisches Centralblatt.’* 


On the 31st of October, 1868, at Bern, | termined by the improved Pitot’s tube, 
Ganguillet, civil engineer, presented a | and at the same time the quantity of water 
paper containing a contribution to the | admitted into the canal by a sluice was 
determination of a formula for the uniform | accurately determined. Bazin found that 


motion of water in canals and rivers. 


The author, in a review of the history of | 


this question, mentions Guglielmi, Pitot, 
Daniel Bernouilli, Brahms and Dubuat ; 
he then gives the formula due to Prony. 
RH=aV-+ b V?, in which R is the hy- 


in the formula 
| V=CyYRH 
_ the co-efficient is not constant, but a func- 
tion of R, and that in general it increases 
| with H, but that the influence of H, and 
| that of the profile of the canal, could be 


lraulic depth dius), 7. e., the sec- | 
ean yong a ge a a neglected; so that he deduced the formula 
i b>). 
RH=(a+7)v 


wet perimeter ; H, the fall or inclination | 
of the surface of the water, and v the mean | 

velocity of the water; a—0.000044"; and determined the following values of a 
b=0.000309". These co-efficients were and b in meters: 

determined by Prony from 30 measure-; (1.) Canals carefully lined with planed 


ments by Dubuat and one by De Chezy. 
Eytelwein obtained from these 31 French 
measurements, and 55 made in Germany, 
by Brunnings, Woltmann and Funk, 
a= 0.000024 and b —0.000366. Brahms, 
of Germany (1753), and Chezy, of France, 
(1755), found for velocities greater 
than one meter, R H=bV?; in which 
b = 0.0004. 

The results of experiments on many 
large canals, streams and conduits, gave 
rise to a well-founded want of confidence 
in the adequacy of these formulas. Darcy, 
Inspecteur General des Ponts et Chausées, 
who built the aqueduct at Dijon, found, 
by experiments on pipes, that the condi- 
tion of the interior wall affects the dis- 
charge of water ; for example, that the co- 
efficient of resistance in old pipes is about 
as large as in new. 


effect of the condition of the wall upon 
the flow of water in canals. In these ex- 
periments the velocities were directly de- 


Darey and Bazin, | 
by a series of experiments made in con-| 
junction, proved that there is a similar | 


| boards, or with pure cement, a= 0.00015, 


|b =0.0000045. 


| (2.) Canals with lining of rough boards, 
jhewn stone or brick, a= 0.00019, 
b= 0.0000133. 

(3.) Canals with lining of rubble, 
| a = 0.00024, b = 0.00006. 
| (4) Canals in earth, 
‘b= 0.00035. 
| Kutter, in Bern, made measurements 
/in a stream in Switzerland, and found 
|a == 0.0004, b = 0.0007. 

At the time of Bazin’s experiments, 
Capt. A. A. Humphreys and Lieut. H. 
| Abbot, a Commission of the United States 
Government, made hydraulic surveys on 
the Mississippi, from the mouth of the 
Ohio to New Orleans. The Mississippi 
between these limits has an area of over- 
flow which is nearly equal to the area of 
Germany. The channel has a mean 
breadth of 1,000 to 1,500 meters, and a 
| maximum depth of 45 meters. Below the 
| mouth of the Ohio the difference between 


a= 0.00028, 


| high and low water is 15 meters, and the 
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greatest discharge is estimated at about 
33,000 cubic meters in a second, with a 
mean velocity of 2.10 meters. The Com- 
mission, working from 1850 to 1860, con- 
sidered no velocity-formula sufficient for 
their purpose, and that a direct deter- 
mination of the law of flow of the river 
was necessary. Pitot’s pipes and Wolt- 
mann’s Tachometer could not be used 
in finding the mean velocity. Double 
floats were therefore employed, the heavier 
moving in the lower current, the lighter 
in the surface ; both connected by a small 
cord. The path of the float was deter- 
mined by means of two theodolites at the 
ends of a base-line on shore. By this 
means it was found that the plane of maxi- 
mum velocity coincided with the free sur- 
face when a strong wind was blowing down 
stream; but, in case of a gentle wind 
blowing down, it was 0.30 of the total 
depth below the surface ; while in case of 
a wind blowing up stream it fell below 
the middle. 

Humphreys and Abbot deduced from 
their measurements that the diminution 
of velocity, both vertically and horizon- 
tally, was indicated by a parabola, the axis 
of which passes through the point of 
greatest velocity, having for abscissas the 
velocities and depths for ordinates. Bazin 
and others find the same law. The Ameri- 
can observers refer the retarded velocity 
at the surface in still air to the friction of 
the air ; but Bazin has proven by experi- 
ment, that in small canals such friction is 
not perceptible, though the greatest velo- 
city is not always at the surface. 

In the formula of Humphreys and 
Abbot 

a - 2 
V=[ V0.0025m +V68.7R, VH-0.057' mi | 
m = 0.933 + 4/R-L0.407 
V and R having same meaning as before, 
R, denotesthe sectional area divided by 
its perimeter. As both functions of m 


have a small value, Grebenau, a Bavarian 
engineer, rejects them and puts 


V=K,VR,VH V=KVYRVoH 
since R, is nearly the half of R, and, 
therefore, K= K, ~ 7/2. 

The limits of the change of value in K, 
resulting from the neglected functions of 
m, are very near each other. Kutter’s 
comparison of this simple formula with 
the original, both for falls with great 


or 








depth and small incline, and the converse, 
shows that K lies between 5.7 and 5.0 
meters. 

The American formula is suited to the 
results of the measurements on the Mis- 
sissippi, and agrees with the results which 
Grebenau obtained from his experiments 
on the Rhine and the rivers of Bavaria, 
and does not differ greatly from the gene- 
ral results of measurements on waters of 
small incline, and depth of more than 2 
meters. Kutter and Ganguillet made 
measurements in the summer of 1867, on 
canals with great slope, at Merlingen, at 
a time when the flow was a little greater 
than usual (131 cub. ft. a second). They 
found the mean velocity V determined by 
observation, and V, as calculated by the 
American formula, as follows : 

(1.) At the Griinbach sluice : 

H = 0.083 to 0.107; R 0.108 to 0.198. 
V=3.6 to 5.8m.; V, = 0.8 to1.3m. 
(2.) At the Gerbebach sluice: 
H = 0.112 to 0.237; R= 0.059. 
V=2.6 to3.1lm.; V, =0.7 to 0.8m. 

(3.) At the Gontenbach sluice: 

H = 0.042 to 0.046; R= 0.098 to 0.112. 
V=2.9 to3.3m.; V, =0.7 to 0.8m. 

(4.) At the Alpbach sluice: 

H = 0.023 to 0.032; R= 0.209 to 0.229, 
V=2.4 to 2.6m.; V, =0.9 to 1.0m. 

In case of great fall the American for- 
mula, therefore, gives too small velocities. 
The same is true of Bazin’s formula. This 
answered very well for small streams with 
falls greater than 1 to 100, and gives use- 
ful results for European rivers less than 
6™ deep. 

The experiments at Merlingen fully 
prove the influence of the roughness of 
the wetted surface. At the Gontenbach 
sluice, where the masonry is carefully laid 
with large, fair-worked stones, the actual 
velocities roughly agreed in the average 
with the velocities calculated by Bazin’s 
formula for cut-stone and quarry-stone ; 
while at the Alpbach sluice, where the work 
is of rough stone and damaged, the formula 
for rough stone gives too large results, 
and a roughness between that of rubble 
and earth must be assumed. 

Applying Bazin’s formula to the Missis- 
sippi, where the fall is as low as 0.0000034, 
the results are too small. This formula 
gives the greatest velocity if R=, be- 
cause in that case 


a 
ot 5 =8 
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hence, we always have 


Taking the value given for the smoothest | 


walls, a = 0.00015, we have 
V<115YRE. 

To a fall H —0.0000038 and a hydrau- 

lic depth R = 22.7", corresponds (e. g. in 

the Mississippi) the actual mean ve- 

locity 1.21" ; hence 


V BR H =0.009282, and V = 130 7/ R H. 


The formula of Bazin therefore gives too 
small velocities, while the American is 
exact, since it gives 


V=5.7 / RB H = (0.0000038)t = 130 YR H. 


The discrepancies between the formula | 


of Bazin and that of Humphreys & Abbot 
are accounted for by the fact that they 





function of R or of H was neglected, as 
the influence of either was found of little 
importance. The author of the paper, 
therefore, concludes that the velocity does 
not always vary, either as the square root 
of R, as in the American formula, or as 
the square root of H, as in the French 
formula. Assuming 
V=aH‘R’, 

then, if the cases represented in the above 
formulas be regarded as extreme, « must 
vary between 4} and } and y between 4 
and 1, whether H and R be great or small. 
A single formula with constant co-effi- 
cients of H and R cannot correspond in all 
cases to the results of measurements. 
Attemps to construct such formulas have 
been made by Gaukler, in France, and 
lately by Hagen, in Berlin. A general 
formula, from the results of Bazin and 
Mississippi experiments, has been con- 
structed by Kutter & Gauguillet, which 


correspond to extreme ratios, as in each a! will be published at a future time. 





THE INTENSITY OF ELECTRIC BATTERIES. 


Translated from ‘‘ Annales de Genie Civil.” 


At a late session of the Academy of 
Sciences of Paris, M. Th. de Moncel pre- 
sented a very interesting paper on the 
coupling of a series of piles. ‘The learned 
electrician had already, in two previous 
memoirs, demonstrated that the intensity 
of the resultant current of a series of piles 
is given by the formula: 

nE 
aR+br 
in which a denotes the number of groups 
in the series, and } the number of ele- 
ments in each group. From this, it can 
be shown (the maximum value of J being 
reached when a 2 =b r) that the number 
of groups which must be joined in ten- 
sion that a given pile may furnish for a 
given circuit, r, its maximum effect, is in- 
dicated by the formula: 
fur 

a= Yk ’ 
while the number of elements of each 
group united in quantity is given by the 
formula: 


I= 


It was also observed that each of these 
couplings, being algebraically compared 





with the couplings made all in tension, or 
all in quantity, furnish two limits at 
which the electric intensities become 
equal, and that these limits were reached 
by 3, 4, 5, &c., elements united in quan- 
tity: 

(1.) In the pile disposed in tension, when 
the resistance of the circuit r is equal to 
4, 4, 4, &., of the total resistance of the 

ile F 


(2.) In the pile disposed for quantity, 
when the resistance of the circuit is }, 4, 
}, &e., of the resistance of a single cle- 
ment. 

Again, it was seen that between these 
limits there was a gain in disposing the 
pile in series of 2, 3, 4, 5, &., elements 
united in quantity, when the values of r, 
being less than 

nR nR nR 
=" 4” 
are greater than 
R R R 
2 3 4 

These results being only the conse- 
quence of the comparison of combinations 
in series disposed for tension and quan- 


‘tity, there would be nothing to show 





214 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





whether, in the comparison of the various 
arrangements in series, one would not 
find for the limiting values of r (in the 
conditions of maximum) dispositions 
more favorable to each of the syst ms of 
groups. M. de Moncel has undertaken to 
determine this. 
He begins with the formulas: 
/nk 

b= Y — 
and he finds values of 7 corresponding to 
the different systems of couplings at their 
maximum conditions. He finds: 


(1.) That if a= =nk 
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The conclusion is, that the resistances of 
the exterior circuit, the most favorable to 
the grouping of the pile in double, triple, 
quadruple, etc., elements, correspond to 
the number expressing the total resistance 
of all the elements of which the pile is 
composed, divided by the square of the 
number of elements which constitute each 
of the groups of these different combina- 
tions. 

Upon this principle, using the number 
931, which represents the resistance of a 
Daniell element, expressed in metric units 
of a telegraphic wire of 4 millimetres, we 
find that for a Daniell of 12 elements the 
best conditions of use are: 


(1.) In 12 series of simple elements, when r = 
11172m. 


(2.) In 6 series of double elements, when r = 
2793m. 

(3.) In 3 series of triple elements, when r = 
1241 


(4.) In ‘4 series of quadruple elements, when 
r = 698m. 
(5.) In 2 series of sextuple elements, when r = 


(6.) In 1 series of 12 elements in quantity, when 
r= 77m. 


Considering the question under another 





oint of view, it is also seen that when r 

is equal to 
nR nR 

n R, > so R, 

a does not correspond to 
a oe 
2 3 
as the limits in question seem to indicate, 
but to 
n n _ Jn 

»Y2 V3 Vm V7 

while 
b=1, f% 3. 

In the first memoirs M. de Moncel has 
shown the values of a and b, correspond- 
ing to a given intensity Z. These formu- 
las are: 

_2Ir ,_2IR 
i,a= EE” =~ 
But, that these may be epplicable, r must 
be less than n R. For it is only when } 
is greater than unity that the maximum 
is reached when a 2} = br. 





TRON AND STEEL NOTES. 


URNACES FoR Meutine Steet.—Mr. J. Suter, of 
Hereford, and Mr. T. Hinde, of Fownhope, 
near Hereford, have patented an invention which 
consists in constructing furnaces for melting steel 
and for other purposes, and in the combustion of 
fuel in the furnaces, by which means great economy 
of fuel is said to be effected, a higher temperature 
obtained, and great control over the action of the 
furnaces at the same time secured. These im- 
provements are also applicable to the furnaces of 
steam boilers. The furnace is constructed of three 
agg parts, namely, of a gas-generating cham- 
r, a combustion chamber, and a superheating 
chamber. In the first or gas chamber, the solid 
fuel is converted into gaseous fuel by being ignited 
and supplied with a sufficient quantity of air to 
convert the carbon of the fuel into carbonic oxide. 
The second chamber of the furnace consists of a 
reverberatory chamber, into which gaseous fuel 
produced in the first chamber, mixed with the 
requisite quantity of air for combustion, is burned. 
In the third or supplementary chamber, the gaseous 
fuel is heated prior to being burned in the com- 
bustion chamber. The gas-generating chamber is 
of iron, lined with fire-brick, and having an opening 
at the bottom through which the clinker can readily 
be removed, or the clinker may be fluxed out by 
charging a little lime with the fuel. 

Fuel is supplied to the gas-generating chamber 
by an opening at top closed by a an which 
permits of the introduction of the fuel without 
material loss of gas. The requisite quantity of air 
is introduced into the gas-generating chamber from 
a fan, and is delivered into the chamber by a tuyere. 
In order the more effectually to bring the air into 
contact with the ignited fuel where the fuel is very 
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small or in a fine state of division, it is delivered 
into the chamber by a series of small openings in 
the tuyeres instead of by one or two large openings. 
The combustion chamber, in which the gaseous 
fuel is burnt, and in which the steel is melted or 
the other operations of the furnace performed, has 
a size and form suitable to the particular use to 
which the furnace is applied. The gaseous fuel is 
heated before it is introduced into the combustion 
chamber, so as to raise its temperature and thereby 

roduce a more intense heat in the furnace, either 
by passing it through heated tubes or by allowing 
it to undergo combustion, When the gaseous fuel 
is heated by the former method, a heating chamber 
is constructed above or in connection with the 





combustion chamber, through which heating cham- 
ber the waste heat from the combustion chamber 
is passed. Fire-clay tubes, passing through the | 
heating chamber, conduct the gaseous fuel to the 
combustion chamber, which gaseous fuel is super- 
heated in its passage through the tubes. When 
the heating of the gaseous fuel is effected by its 
own combustion, atmospheric air is mixed with it 
and it isignited. The gaseous fuel which has thus 
been burned, is passed through ignited carbona- 
ceous matter, whereby it takes up carbon, and 
becoming revivified or reconverted into combustible 

as, passes to the combustion chamber strongly 





eated and with its full combustible power. By 
heating gaseous fuel in the ways described, an 
intense heat is produced in the combustion cham- 
ber. When the furnace is used for reducing me- 
tallic ores, the gaseous fuel is not superheated by | 
the waste heat from the combustion chamber, but | 
the gaseous fuel passes into and through the com- | 
bustion chamber to the superheating chamber and | 
is burnt in the superheating chamber. 

In applying these improvements to the furnaces 
of steam-engine boilers, the superheating of the 
gaseous fuel is unnecessary. By varying the quan- 
tity of air mixed with the gaseous fuel during 
combustion, the character of the flame produced | 
may be varied so as to possess either a reducing | 
oran oxidizing action. Asa convenient means of 
ascertaining the character of the flame, the inven- 
tors employ in the furnace a small lump of coal | 
and a lump of peroxide of manganese. When the 
flame has an oxidizing character, the gaseous fuel 
volatilized from the coal burns with a bright light, 
while there is no apparent action on the manga- 
nese. When the flame hasa reducing character, 
there is no flame from the coal, but the lump of 
oxide of manganese becomes intensely ignited by 
the combustion which takes place on its surface 
between the oxygen evolved from it and the car- 
bonaceous matter of the gaseous fuel.—The Me- 
chanics’ Magazine. 


Nem ON THE Frencu Inon Trape,—-The Paris, 
Lyons, and Mediterranean Railway Company 
has just let a contract to Messrs. Schneider, of 
Creusot, for 5,000 tons of steel rails, at a price of 
£12 12s. a ton at the works, subject to the condi- 
tion that a deduction will be made from the price 
after the expiration of Mr. Bessemer’s patent | 
right ; this deduction is estimated at £1 3s. 4d. a 


n. 
The Northern Railway of France has decided | 
upon replacing with steel, the whole of the iron | 
rails upon the line, at an estimated cost of £52,000. | 
_ Partial contracts have recently been let for the 
iron work of a large covered market in Naples, de- 
signed upon the plan of similar buildings in Paris. 





The wrought-iron work, te the amount of about 


1,500 tons, is divided amongst two or three differ- 
ent works. The contract for the cast-iron col- 
umns, amounting to some 2,500 tons, are not yet 
given out. 

The bridge and viaducts, 53 in all, on the Latour 
and Milhan section of the line between Rodez and 
Montpelier, are in course of construction by Messrs. 
G. Eiffet and Co., of Lavallois, Paris. 

The new ‘Société des Forges et Chantiers dela 
Mediterranée” has in course of construction an 
iron floating dock for the Viceroy of Egypt. The 
following are its principal dimensions: 

ft. in. 
Total length 
Width inside. ....... 2.00 . 
Width of side chambers.......... asian 
Total width re 
Depth of the bottom framing........... 8 24 
Height from bottom framing to top ofdock 28 10% 
BOGE BOGE. .......20ccesce ; 36 1 


eer eeeeee eee 


The bottom skin of the dock is made of two 
thicknesses of 7, in. plate; the sides of £ in. plates 
at the bottom, decreasing gradually to 2 in, at the 
top. The plates of the framing are } in. thick. 
The strakes are 24} in. wide, and at intervals of 16 
ft. 4 in. they are strengthened by vertical anglc- 
iron, strengthened with gusset plates. The plates 
forming the bulkheads are in. thick. The total 
weight will be about 4,500 tons. 

The iron bridge to cross the Seine at Vernon, 
and to carry the Gisors and Vernon Railway, is in 
course of construction. ‘The total length of the 
bridge is 705 ft., and it is being constructed com- 
plete on the bank, upon a platform, from which it 
will be launched across the river. The weight of 
the structure will be about 4U0 tons. 

The suspension bridge across the navigable arm 
of the Seine at Melun, carrying the Imperial road, 
which connects Brie with Froissard, is about to be 
removed, and an ornamental cast-iron arched 
bridge in two openings will be erected in its place. 
The estimated cost is £2,200..--Engineering. 


RON AND Street Crystaxs.--M. Schott, of Ilsen- 
berg. has made many microscopical examina- 
tions of the structure of steel and iron, He main- 
tains that ‘all crystals of iron are of the form of a 
double pyramid, the axis of which is variable, as 
compared with the size of the base. The crystals 
of the coarser kinds, as compared with those of the 
finest qualities of crystalline iron, are of about 
twice the height. The more uniform the grain, the 
smaller the crystals, and the flatter the pyramids, 
which form each single element, the better is the 
quality, the greater is the cohesive force, and the 
finer the surface of the iron. These pyramids be- 
come flatter as the proportion of carbon contained 
in the steel decreases. Consequently in cast-iron 
and in the crudest kinds of hard steel, the crystals 
approach more the cubical form, from which the 
octahedron proper is derived, and the opposite ex- 
treme or wrought-iron has its pyramids flattened 
down to parallel surfaces or leaves, which in their 
arrangement produces what is called the fibre of 
the iron. The highest quality of steel has all its 
crystals in parallel positions, each crystal filling 
the interstices formed by the angular sides of its 
neighbors. The crystals stand with their axes in 
the direction of the pressure or percussive force 
exerted upon them in working, and consequently 
the fracture shows the sides or sharp corners of the 
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parallel crystals. In reality, good steel shows, 
when examined under the microscope, large groups 
of fine crystals like the points of needles—all ar- 
ranged in the same direction and parallel.—Journal 


of Applied Chemistry. 


aoe Porpruyry From Iron Siacs.—At the 
iron-works of Aulnoye, in Belgium, the slag is 
utiized by casting it into slabs for pavements, 
garden rollers, and other things. For the former 
purpose, moulds are excavated in the ground around 
the furnaces of sufficient extent to receive all the 
slag running from them, and trenches are cut to 
carry the liquid slag. The only precaution to be 
taken, we are told, is to cause the slag to run under 
the vitreous layer, which solidifies at the beginning 
of the running, and to keep the moulds warm, so 
that the slabs may not solidify too rapidly. For 
this purpose it is often necessary to cover up the 
trenches and moulds with cinders and small coal, 
The cooling should, indeed, be made to occupy sev- 
eral days; and, in that case, there will be tound 
under the vitreous crust a compact homogeneous 
slab, in appearance very much resembling natural 
porphyry. The masses are often divided by fis- 
sures, but the pieces can be dressed and trimmed 
into blocks for paving. To obtain sound rollers, it 
is necessary to take especial care in the cooling and 
solidifying. It is hardiy necessary to add that the 
slags employed for these purposes must be solid 
and lasting, and not ut all brittle. 


BTAINING MALLEABLE Iron oR STEEL FROM | 


Cast-Irnon.—The invention of Mr. J. B. Spence, 
of Manchester, relates to that method of obtaining 
malleable iron or steel from cast-iron which is now 
known as the Heaton process, or to other proces- 
ses in which nitrate of soda, or other similar chem- 
ical salis, are used for oxidizing substances com- 
bined with the iron, and consists in a method of 
using the said salt, whereby its decomposition is 
to a certain extent retarded. For this purpose he 
brings the nitrate of soda, or other salt, into a 
more or less solid body before the melted iron is 
allowed access to it. This solidification may be 


effected by pressure, by fusion, or by other means, | 


The process of solidification may be effected 
in the chamber which is used for receiving the 
converted iron, or in separate moulds, and Mr. 
Spence proposes to bind the edges of the consoli- 


dated cake of the salt to prevent its rising, or the | 


passage of the metal beneath it by bevelled edges, 
projections, or other such means. In order when 
desired to weaken the power of the chemical agents, 
he wdds thereto any suitable diluents.— Mining 
Journal. 


YanapaA Rams.—The chairman of the Grand 
Trunk line, says, with regard to the To- 
ronto rolling mills, it has been found that rails 
rolled there would last as long as three or four 
times the number of rails shipped from England 
to Canada during the last 3 or 4 years. The Toronto 
re-rolled rails are acknowledged to be the best 
rails that can be made in Canada, and a few weeks 


| 101,426 tons; 1860, 121,438 tons; 1861, 164,371 

| tons; 1862, 216,175 tons; 1863, 226,948 tons; 1864, 
215,983 tons; 1865, 184,131 tons; 1866, 159,061 
tons; 1867, 154,351 tons; and 1868, 202,204 tons. 
The average price per ton in 1859 was £10 2s. per 
ton, while in 1868 it had fallen to £7 2s, per ton. 


| PessemeR Rats in France.—The consumption 
in the first six months of this year 
| amounted to 19,755 tons, against 10,562 tons in 
' the corresponding period of 1868; it is probable 
that the French production of this description of 
| rails will show a still further advance in the second 
| half of 1869, as large orders have been given out 
during the last two or three months by the great 
French railway companies. —Engineer. 
~~ ty Great Brrrain.—The furnaces in blast 
in 1868 were 560; pig-iron in Great Britain 
amounted to 4,970,206 tons, an increase of 209,183 
tons over 1867. In England the make was 2,970,- 
905 tons, an increase of 159,959 tons; in Wales and 
| Monmouthshire, 931,301 tons, an increase of 12,221 
tons; in Scotland, 1,068,000 tons, an increase of 
37,000 tons. 


| 





RAILWAY NOTES. 

| ue Festrntog Ramway.—The little Festiniog 
| Railway of 2 ft. gauge, presents a striking ex- 
| ample of commercial success, and did its yearly 
| accounts come before the general public they 
might, perhaps, create a feeling of astonishment. 
The original capital of the company was £36,000, 
| applied to a line of 13 miles, but, their borrowing 
| powers being exhausted, they have since almost 

reconstructed their line, erected workshops, manu- 
| factured their rolling stock, etc., wholly out of 
| revenue, until the whole expenditure now stands 
at about £86,000, the company having this year 
obtained powers to capitalize the revenue thus 
applied. 

In the year ending June 30th, 1868, the train 
mnileage was 46,732 miles, averaging six trains each 
way daily for the313 working days of the year, or, 
| say, 1878 down trains loaded with slates. The 
weight of slates taken into Portmadoc was 112,052 
tons, equal to nearly 60 tons per train, while 14,693 
tons of merchandise were carried on the return 
trips, besides passengers, both ways, paying £3,381. 
| The slate trucks, of course, return empty from 
| Portmadoc to the quarries, the earnings from slate 
traftic being wholly derived from the down trains, 
although, by the usual railway fiction, the trains 
which really run all the way down hill, are, we be- 
lieve, called ‘‘up trains.” The carriage of slates re- 
turned £15,798 18s. 7d., equal to nearly 2s. 10d. per 
| ton carried for the 13 miles down, or 2d. per ton per 

mile, and 13s. 6}d. per down train per mile. The 
total receipts were £22,852 13s. 5d., or 9s. 93d. per 
train per mile in both directions. The working 
expenses were £9,700, or, say, 42 per cent. of the 
earnings; but of thissum, £1,223 were royalties 
| paid under the name of ‘tonnages,” £779 were 








before he left Canada, as a great favor, they allow- | parish rates, £382 passenger duty and income tax, 
ed the Great Western of Canada Company to have | £1,481 for station masters and staff, etc., the charge 
300 tons of rails re-rojled at the company’s Toronto | to locomotive department being £700 only. The 
rolling mills, actual locomotive expenses are very moderate, not- 
withstanding that with driving wheels but 2 ft. 
yer IN France.—A table prepared in illustration | in diameter, and with coal at 15s. per ton, the cost 

of the production of rails in France during the | of fuel is necessarily rather high. Thus it will be 


last ten years presents the annexed results: 1859, ' seen that the net profits of this little railway have 
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amounted to more than 40 per cent. of the original 
capital, and to upwards of 124 per cent. on the total 
outlay on the undertaking, the larger portion 
of which has been paid out of revenue.—Engi- 
neering. 


C2 Time TasLteE—Va.ve or Knowixc How 
to Reap.—The Chicago ‘ Railway Review” 
notices a request from Samuel Lewis, who, we be- 
lieve, is connected with the Westerz Pacific Rail- 
road, either as an engineer or conductor—for 
copies of that paper for himself and friends. The 
“ Review” appends this paragraph : 

‘*Mr. Lewis incloses in his letter a quaint com- 
glomeration of hieroglyphics ona half sheet—a 
Chinese time-table—which he says is used by 
Chinese conductors on the line, and which it is 
necessary for all conductors to learn. So, a candi- 
date for a conductorship on these lines, we natur- 
ally infer, must acquire a more than ordinary de- 
gree of linguistic facility before he is competent to 
run a train west of Promontory.” 

Chinese time-tables may be very useful. But 
before this linguistic accomplishment is attained 
it might be well for railroad servants to know how 
to read English. We cannot vouch, for instance, 
that the switch-tender at Simpson’s Station did not 
know how to read a Chinese time-table; but he 
could not read itin English, and this disability 
caused the loss of a dozen lives. A Chinese 
switch-tender, reading the time-table in his own 
tongue, would probably have arrested this dreadful 
calamity. But as the railroad servants are not 
Chinese, it might be well enough to begin with the 
acquisition of English first, and afterwards, if 
there is any gain, finish off in Chinese. Consider- 
ing the number of accidents which have occurred 
since the first calamity, after reading Mr. Lewis's 
facetious description of what is required of a con- 
ductor, one might infer that Chinese time-tables 
are still used to the exclusion of any other.—San 
Francisco Bulletin, 


Wonverrut Tram.—On Saturday last there 

was seen on the streets of Leith a wonderful 
train of mechanism. It consisted of a ten-horse 
power road steamer, with two companions of 
equal size in tow to the docks for shipment. To 
those who have been in the habit of seeing heavy 
machinery dragged along by some sixteen or 
eighteen horses, and who have witnessed the kick- 
ing, plunging, swearing, and uproar which invari- 
ably accompany such undertakings, it must have 
been pleasant to observe the quiet smile on the 
drivér’s face as he silently picked his way along 
the street. Although the roads were in the worst 
possible condition, being thick with greasy mud, 
the journey to the ship’s crane was effected so 
smoothly and easily that it did not offer a single 
incident for description. All that can be said of it 
is, that it was the simplest performance in the 
world. The road steamer, which was acting as tug 
to its two mates, was exhibiting its maiden effort, 
as it had only just been completed, and had never 
been out before. It is a ten-horse power engine, 
nominal, but can develop up to thirty-horse power. 
Its weight on the road is from eight to nine tons. 
The diameter of the wheels is 6 ft., the breadth of 
the india-rubber tyres is 15 in., their thickness is 
4, in. Messrs. T. M. Tennant and Co. (Limited), 





bowershall, Leith, have obtained a license to 
manufacture Mr. R. W. Thomson's patent road | 
steamers and steam omnibuses with india-rubber 


tyres, and they are making arrangements ona 
large scale to keep pace with the numerous orders 
received, and to turn out the engines with great 
dispatch. — Engineering. 


— oF Frencn Ramways. The Table which 
we subjoin shows the state of progress of the 
principal French lines at the end of last year. 
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Open. 


Name or Ramway. 


Number of Miles 
Course of Construc- 
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Paris, Lyon et Méditer- 
FONSS ..ccccccccoses 3861 
QUIERER. cc cccccecee. cs Ke 8 20% 2707 
x | | | ? 1963 
1798 
1595 
1003 
385 
430 
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..| 10,090 | 1455 2197 | 13,742 


Besides these principal railways, there are to be 
found distributed in seventeen departments of 
France a number of cheaply constructed local lines, 
or “chemins d'intérét local” as they are called,these 
lines having an aggregate length of 611 miles, and 
being in many instances of a narrower gauge than 
the lines forming the main network. There are 
also 33 ‘‘chemins industriels,” connecting various 
mines and quarries with the main system, these 
lines having at the end of 1868 a total length of 
103 miles, and an additional 6} miles being in course 
of construction. The longest of these lines is that 
extending from Commentry to the Canal du Berry 
near Montlugon, which is altogether about 12 miles 
in length. 

Of the same class as the ‘chemins industriels” 
are the various branches belonging to the main 
lines, which serve to connect the latter with va- 
rious mines, works, depdts, etc., and there are alto- 
gether 527 of these branches in France, their aggre- 
gate length being 170 miles. Of this total length 
87 miles are worked by locomotives, 73 miles by 
horses, 114 miles by manual labor, and 1} miles 
by other systems of haulage. The greater number 
of the small branches we have mentioned belong 
to three of the principal railway companies, the 
Paris, Lyons, and Mediterranean Soule 156 
branches, the Northern 129 branches, and the 
Eastern Railway 109 branches. The Paris and 
Orleans Railway, the second longest line in France, 
has but 39 of these small branches. 

The total net receipts (after deduction of duty 
of 10 per cent.) on the French lines during 1863 
was £27,320,000 or about 2,707 per mile, a sum 
which closely agrees with the receipts on the lines 
of the United Kingdom during the years 1867-8. 
In this latter year there were 14,247 miles of line 
open in the United Kingdom, and the total traffic 
receipts were £39,479,999 or £2,270 per mile, while 
last year the receipts per mile had increased to 
£2,960. The total number of passengers carried by 
the French railways during 1868 was 94,000,000, 
against 287,631,113 carried by our own lines dur- 
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ing 1867, and the working expenses amounted in 
1868 to 47.8 per cent. of the receipts on the French 
lines, and 49.5 


lines of the United Kingdom. In conclusion, we 


give the following details of the traffic and receipts, 
ete., on the French lines during 1868, which we | 


per cent. of the receipts on the | 


RIDGES ON THE BURLINGTON AN» Missovurt Ratt.- 
way.— Whatever the degree of security attained 

in the road bed, aline crossing five or six hundred 
bridges must show no inferior excellence here. 
The problem was, of course, that of wooden bridges 
to start with, there not being time to construct 


think are of sufficient interest to warrant our re- | stone ones (even if the material were everywhere 


cording them: 
Total weight of goods carried 
Mean distance traversed by 
each ton of goods......... 
Mean distance traversed by 
each passenger 
Passenger train mileage 2,342,400,000 
Slow goods train 3,852,500,C00 —* 
Total train mileage of all kinds 6,871,120,000 « 
Mean receipt per train per mile 96. 6d. 
‘* expenditure * as 45.9d. 
charge per mile per pas- 
0.95d. 


senger. 
Mean charge per mile per ton 0.96d. 
50.07d. 


47,500,000 tons 
80.7 miles 
24.8 


“ 
“es 


** net earnings per train 
per mile..... 
—Lngineering. 


AILWAYS AND CxiimaTE.—It is said that the 
Pacific Railroad is working a great change | 

in the climate of the Plains. Instead of contin- 
uous droughts, all along the railroad, rain now falls 
in refreshing abundance. In Central Ohio, for 
example, it is said the climate has been completely 
revolutionized since iron rails have formed a net- 
work all over that region. Instead of the destruc- 
tive droughts formerly sufferered there, for some 
four or five years there has been rain in abundance 
—even more than enough to supply all the wants 





of farmers, This change is thought to be the re- 
sult of an equilibrium produced in the electrical | 
currents, which has brought about a more uniform 
dispensation of the rain It is a fact within the | 
observation of all who remember anti-railroad 
times, that there are now few or no such thunder- 
storms as formerly took place in New England. 


I ocoMoTIVE Sratistics.—The following is the 
4 report of the general average of performance of 
locomotives on all divisions of the Michigan Cen- 
tral Railway for the month of October, 1869, as 
made by A. S. Sweet, Locomotive Superintendent: 





Number of freight cars drawn one mile.. 2,127,772 
Equal to cars drawn over the entire line. 7,492 | 
No. freight cars drawn one mile in Sept. 1,973,568 | 
Equal to cars drawn over entire line Sept. 6,949 
No. miles run to one pint of oil,........ 15.11 
- « SS ¢ Cee ae 33.38 
pint of oil in Sept.. 15.38 
“ cord of wood 35.22 
Average of freight trains 23.65 
be ae es “ec 21.04 | 
1,807 
4,857 
1,643 


“cc “ce se “ee “ 


“ce “cc “ec “ec 


in September... 

No. of gallons of oil used 

GONGS Of WOOK UROM. .o000000.002 

** tons of coal used 

Average number of miles run per ton by 
coal-burning engines............ ote 

Average number of miles run to one ton 
of coal in September...... 


No. of miles run by passenger trains. . . . 
of a ‘* freight trains. 

** miscellan’s trains... 
* training engines.... 


35.99 


96,307 
13,374 
32,080 
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at hand), and the expensiveness of iron putting it 
out of the question. The bridges, so far as con- 
cerns the needs of the road for several years, are 
most emphatically first class. ‘The design, original 
with the engineer, exactly meets the circumstances 
of the case, and its excellence needs no higher 
verification to those who cannot visit the road, 


| than the fact that it has been adopted on the Union 


Pacific, the Superintendent of Construction of 
which road was for some time Mr. Thielsen’s 
assistant here. They all rest on pile or stone 
foundations, the low bridges (from 12 to 16 ft. high) 
on piles; beyond that height they become ‘‘bent” 
bridges of one, two, and even three ‘‘stories,” 
resting either on pile or stone foundation. The 
peculiar feature is the manner in which the super- 
structure is bound together, so as to make it as 
emphatically one structure as the best iron bridge 
can be. The span of the trestle are either 16 or 20 
ft.; upon the caps rests a system of stringers, 
varying from 6 to 8 in number under the track; 
the dimensions of the timbers being, on the 16-ft. 
span, 5 x 16 in., and on the 20-ft. span, 6 x 16 in. 
These stringers only reach from bent to bent, 
abutting against each other; and the different sets 
are from 14 to 16 in. apart from centre to centre. 
In these openings, and resting upon the cap, is a 
splice of the same size, but only half the length of 
the stringers, locked down upon the cap 1} in,, 
both splices and stringers being bolted together. 
In the intermediate spaces the bolts pass through 
cast-iron washers, keeping everything in position, 
which, when the nuts are screwed on, bury their 
sharp edges in the wood, binding the whole into 
one mass. The strength of this simple and admi- 
rable splice has undergone an experimentum crucis, 
in the case of a train passing rapidly over a span, 
the bent beneath which was afterward found to 
have been washed out. Upon the stringers are 
placed the ties, 16 to every 20 ft., which, in turn, 
are held in position by longitudinal fenders, slotted 
down upon them; the whole fastened to the 
stringers with fender bolts passing through fender, 
tie, and stringer, every 8 ft. In passing over the 
bridges the engineers feel under no necessity to 
materially slacken speed, and the structure is free 
from perceptible vibration beneath the heaviest or 
swiftest train. Over the larger rivers the length 
of the bridges is about 1,200 ft., that over the Des 
Moines being halfa mile. After leaving the bridge, 
the embankments are broken up at regular inter- 
vals with trestle work, to give the freshet overflow 
a free communication to all parts of the bottom. 
The bridges, except those built the past season, are 
nearly all inclosed above. The bridge connecting 
the C. B. & Q. and B. & M. R. R, was finished in 
1868; is of iron, 2,200 ft. long; has 9 spans of 250 


| ft. each, the draw being 360 it.—Chicago Railway 
| Review. 

39.55 | 
76.783 | 


— oN THE Union Pactric Ramway.--In the 
matter of snow protection, what has been done 
At all exposed points, permanent 

sheds, 8 miles in all, will be completed by Jan. 20; 
| by which time 150 miles of snow fence will be 
completed. The force engaged for six weeks on 


is, in brief, this: 
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this work has numbered 300 men. The fence, of 
original design, and answering the end perfectly, 
merits a description. The supports (8 ft. apart) 
consist of two posts (2 x 6 in., 8 ft. long) joined 
together (by means of a bolt) in the shape of an X, 
at about one-third of the distance from their top. 
On the outside of these, common fence boards are 
nailed—-three on the upper part of the one and four 
on the lower part of the other. In most places, 


two of these fences are built--the outer 100 feet 
from that nearest the track. The protection is 
perfect.— Chicago Railway Review. 





ORDNANCE AND NAVAL NOTES. 


eo ConvertTED Guns.—The complete suc- 
cess which has attended the conversion of up- 
wards of 400 cast-iron 8 in. smooth-bores into Pal- 
liser rifled cannon for the Admiralty has lately at- 
tracted the attention of the War Office to the im- 
portance of converting the thousands of 68-pound- 
er cast-iron guns which are mounted on our coast 
defences both at home and abroad. Out of several 
hundred guns which have now been proved, in no 
instance has the slightest symptom of weakness 
presented itself. ‘These conversions are due to the 
reports and recommendations of General Lefroy 
and the members of the late Ordnance Committee, 
and the practical results reflected great credit upon 
their labors. The recent visit of Colonel Jervois, 
the Deputy-Director of Fortifications, to Halifax 
and Bermuda has been the means of further de- 
monstrating the importance of the subject. It 
appears that at the latter place alone upwards of 
300 smooth-bore guns are mounted in the works, 
and although complete in their carriages, travers- 
ing platforms, embrasures, sponges, rammers, etc., 
they are, in their present smooth-bore state, no 
better than wooden dummies for opposing a bom- 
bardment at long ranges with rifled guns. The 
Secretary of State for War has, as a preliminary 
measure, authorized the trial at Shoeburyness of 
two rifled guns, a 7 in. and an 8in. converted from 
68-pounder guns. They are to be fired at the 
“Warrior” target from a distance of 1,000 yards. 
The experiment is awaited with great interest, 
since if the guns penetrate the target at such a 
range, it is expected considerable orders for con- 
versions will follow. An old cast-iron mortar has 
also been converted, by Mr. Cardwell’s directions, 
into a 9 in. rifled mortar, and will be tried at the 
same time as the guns. 
and it is expected that it will throw its shell of 
250 lbs., containing a bursting charge of 20 Ibs. of 
powder, upwards of 7,000 yards.— Mechanics’ 
Magazine. 


XPERIMENTS AT SHOEBURYNESS.—A further short 
trial of four rounds was made at Shoeburyness 
on Wednesday to test the clutch arrangement of 


the screw compressor head of Vavasseur’s 7 in. steel | 


gun-carriage, alluded to in our former notice of 
November 26. 
The details of the rounds were as follows: 
Eleva- Charges Compres- Recoil 
Ronnd tion, 1, g. r. shot sorat ft. in. Flight. 
1.. 7 deg. .. 14 lbs, .. 114%Ibs. .. 294 ...05 .. 9.3secs, 
2.. Tdeg. .. 14 Ibs, .. 114%Ibs, .. 2 .. 0.624 .. 9.38ecs, 
8.. Tdeg. .. 22 ibs, ., 1143{Ibs,..2 .. 1.734 .. 9 5 secs. 
4.. 7 deg. .. 22 lbs. .. 1143%{Ibs, .. 2 -1.0  .., 9.8secs. 
In the above practice the slide drove back at each 
discharge about 4 in., in consequence of the bad 


Time of 


It weighs about 6 tons, | 


holding afforded by the marshy ground, and in 
this way was gradually carried off the racers on to 
the platform, rendering exactitude of recoil out of 
the questicn. It was clear, however, that the 
clutch arrangement effectually rnswered its pur- 
pose of securing the mechanical hold of the coned 
bead on the friction drum during the recoil of the 


gun. 

Including Wednesday’s practice, the total fired 
is now 145 rounds, composed of the following 
items:—2 proof rounds of 27 lbs., at Woolwich 
Arsenal; 10 service charges of 14 Ibs., and 9 bat- 
tering charges of 22 Ibs., at Yarmouth; 50 battering 
charges at Woolwich; 56 battering charges at Ports- 
mouth; and 8 service charges and 10 battering 
charges at Shoeburyness. The gutta-percha im- 
pressions taken after the last previous practice 
show no sign of wear in the gun.—Army and Navy 
Gazette. 


CHILLES, 26, screw armor-plated ship, Captain 
Mathew S. Nolloth, coast-guard ship at Port- 
land. On the 27th ult. this ship went outside the 
breakwater at Portland for the final trial of the 
patent hydrostatic steering apparatus invented by 
Rear-Admiral Inglefield, C.B., and which has been 
recently fitted to the Achilles. It was then, as 
upon former occasions, clearly shown that by its 
use one man in the pilot-house on the bridge can 
put the helm over the largest ship, when going at 
full speed, in a space of time and with a power 
that has never been approached by the efforts of 
forty men exerted on the ordinary steering wheel, 
and not surpassed by the steam steering gear 
which is applied to the Northumberland, employ- 
ing still the ancient appliances of long tiller and 
ropes, ete. It may be asked, What are the ad- 
vantages of the power the Admiral employs as a 
motor over steam? And this may be briefly 
answered thus: In the first place, he utilizes an 
enormous accumulative power which exists outside 
of every floating vessel, whether at rest or in 
motion, that power being greater in proportion to 
her depth of immersion. Thus, a ship like the 
Achilles, drawing 26 ft. of water, can utilize an ex- 
ternal pressure of water at the bottom of the 
vessel equal to from 8 to 10 lbs. on the square in, 
To make this available for the purposes of steering 
the vessel, the Admiral admits water through o 
Kingston velve in the bottom of the ship toa 
cylinder lying on the keel. An internal piston, 
moving by the pressure due to the column of 
water, and made to change its direction by a self- 
acting reciprocating movement, conveys the power 
toa ram, which multiplies the pressure first ob- 
tained in proportion to the areas, and from thence 
through two 2-in. pipes, conveys a column of water 
at a mean pressure of 300 Ibs. on the square in. to 
hydraulic presses, which act on the lower tiller at 
a radius of 4 ft. from the rudder-head. The power 
is directed to either side of this short tiller by 
means of a directing slide, which is moved by a 
long rod set in action by the small wheel in the 
pilot-house. At either extreme of its movement, 
which does not exceed 5in., the high-pressure 
water is forced to either the starboard or port 
tiller cylinder, putting the helm over with an 
irresistible force in the opposite direction. At the 
; middle part of the movement of the directing 
slide, a free communication is opened between the 
| two tiller cylinders, and then the rudder will right 
itself when the ship is going through the water. 
At this position, too, the ordinary steering wheel 
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may be used, as though the new apparatus did not 
exist. On the lower deck there is a corresponding 
small wheel to the one in the pilot-house, to be 
used when the shipis in action. These wheels 
are used in precisely the same manner as the ordi- 
nary wheel, the only difference being that from 
hard a-starboard to hard a-port it has only to be 
made to revolve 4ths of its whole circumference. 
The advantages claimed by the inventor over all 
steam steering apparatus are these: 1. The water 
engine placed on the keel of the ship, in a spot 
unoccupied by anything else, requires no personal 
superintendence ; it is always ready at a moment’s 
notice, and costs nothing to keep. 2. Water, 
being incondensible and incompressible, is more 
suited for the working of an apparatus which may 
lie almost completely idle for hours, but must, 
nevertheless, be ready for use at the shortest 
notice, and to its fullest extent. 3. As a fighting 
gear for the helm, it possesses the property of re- 
quiring the smallest tiller possible, witb an attach- 
ment placed more completely out of gunshot than 
any yet invented. The official report of the trial of 
the Achilles, on June 23, set forth the following 
advantages and shortcomings: 1. Sufficient mo- 
tive power always available. 2. The steadiness 
with which the power applied overcomes the 
resistance of the rudder at the highest rate of 
speed, especially when the helm is nearly hard 
over. 3. The security with which the rudder is 
held at any desired point. 4. The readiness with 
which the rudder is freed after being hard over, 
and thereby allowed to right itself rapidly when 
going at speed. 5. The ease with which the 
power is applied, one man being able to use it 
under any circumstances. 6. The facility with 
which the tiller is connected with, or disconnected 
from, the hydraulic rams. The defects of the 
apparatus appear to be at present: 1. Want of 
rapidity in action. A certain limit of time for the 
process of putting the helm hard over from amid- 
ships should be mude an indispensable requisite— 
not more than 45 seconds, and not less than 30 
seconds. 2. The egress of the water from the 
pumping engine to the bilge is not sufficiently 
tree. These shortcomings have been fully over- 
come by the improvements made since the date of 
that trial, for it was reported then that the helm 
went over every time to about 25 degs. in 10 sec- 
onds, the maximum angle obtained by the ordinary 
wheel being 244 degs. in 1 minute and 17 seconds, 
The pumping engine has been much improved ; 
but it is intended in the Turkish iron-clad, which 
is now being fitted with Admiral Inglefield’s 
apparatus, on the recommendation of the Chief 
Constructor of the Navy (Mr. Reed), to put a far 
simpler and less expensive form of water-engine.— 
Army and Navy Gazette. 





ENGINEERING STRUCTURES. 


ean or Unstayep Fiat Surraces To Re- 
sist Pressure. —At a-recent meeting of the Liv- 
erpool Polytechnic Society, Mr. Lauder read a 
paper, of which the following is an abstract, en- 
titled ‘‘ Strength of Unstayed Flat Surfaces under 
Pressure.” 

The object of this paper is to lay before the So- 
ciety some considerations that guided the writer 
in designing a digester under somewhat unusual 
conditions, for the firm of Messrs. Rose & Gibson, 





to - used in their new process of utilizing cotton 
seed. 

The conditions required to be fulfilled were that 
the bottom should be fiat, that there should be no 
internal stays, and that it should be sufficient to 
withstand a working pressure of 30 lbs, per square 
inch. The factor of safety, determined on from 
the nature of the work to be performed, was the 
same as that in common use for steam boilers, 
viz., 8. Thus, the bursting pressure is 240 Ibs. 
per square inch. The method of strengthening 
the bottom by outside girders was selected in pref- 
erence to bracing, for the sake of convenience 
with regard to the position it had to occupy. The 
distance of the girders from each other is one 
foot from centre to centre. The girders are pro- 
_erecengg so as to resist the entire pressure on the 

ottom of the vessel, each girder supporting a 
load of the amount of the pressure on a surface 
equal to the length by the distance between two 
girders. It is worth observing that the bottom of 
the vessel serves also for the top booms of the 
girders. The next point to be considered is the 
thickness of the bottom, to ascertain that it is 
strong enough between the girders to sustain the 
pressure without staying. The portion under con- 
sideration is evidently in the condition of a rec- 
tangular beam fixed at the ends, and is consequent- 
ly simply under the laws which govern the break- 
ing of beams. For calculation it is convenient 
and sufficient to considera strip one inch broad, 
stretching between the girders. The advantage 
arising from end fastenings being neglected, we 
find a very simple adaptation of the ordinary for- 
mula for the strength of girders leads to a general 
formula for surfaces under such conditions: 
t= thickness of plate ; c= half distance between 
supports ; f= modulus of rupture -- wrought-iron 
bars = 54,000 ; cast-iron bars = 33,000 to 43,500; 
W = bursting pressure on a strip unit breadth be- 
tween supports ; p = bursting pressure. 


_ ew 
Ff 
But W =p X 2¢. 
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— The Engineer. 


i Wet at Prospect Parx.—The great well 
of Prospect Park, Brooklyn, built under the 
direction of C. C. Martin, the engineer, is thus 
described in the ‘* New York Times :” 

«The outer wall is fifty feet in diameter, two feet 
thick, and fifty-four feet high. The inner curb, 
or wall, is thirty-five feet in diameter and two 


feet thick, having a depth of ten feet. The ma- 
sonry, as seen from the top of the structure, is a 
marvel of neatness and solidity. The water sur- 
face in the well is thirteen feet above high-tide 
level, and the depth of water in the well is four- 
teen feet. The pump foundations are entirely 
independent of the walls. This plan was adopted 
so as to obviate any possible difficulty which 
might arise from displacement. The pump is the 
Worthington patent, and, with a pressure of forty 
pounds, is capable of raising one million gallons 
of water every twenty-four hours a height of 176 
feet, and is competent to a lift of 180 feet. 

“The boiler house is a neat, pressed-brick struc- 
ture trimmed with Ohio stone, standing on the 
sulface near the mouth of the well. The interior 
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of the well is reached by a spiral stairway built in 
the wall, and commencing in the boiler house. 
In this way the engineer is able to reach the pump. 
It is a fact worthy of notice in connection with 
the construction of the wall, or rather the sinking 
of it, that the outer wall rests upon four feet of 
wooden cribwork, two feet thick, and having an 
iron shield. Theinner wall is built upon a similar 
crib only two feet deep, also shielded with iron. 
‘‘The Commissioners were led to the construction 
of this well in presence of the danger at any time 
of some accident taking place in connection with 
the Brooklyn Water Works, which would render it 
necessary for the Water Board to cut off the Park 
supply so as to secure the citizens from suffering. 
This well has more than the necessary capacity to 
supply the Park abundantly with water, yielding 
most when most is needed. This is established by 
the discovery that the time of drought from which 
the well is, or may be, likely to suffer, occurs in 
the Fall. Besides these facts, it further appears 





that in order to furnish the supply of water to the 
Park the Water Board would have to go through | 
the process of pumping their water twice to con- 
vey it to the required elevation, equal to 225 ft. 
from its original level. 

«The work of the well will be to supply the pools 
at an elevation of 133 ft. From the pools the wat- 
er is conducted to the lake. Besides this, there is 
an independent connection with the lake by which, 
as necessity may suggest, the water can be direct- 
ed to the lake, a lift of only 70 ft. The lake, when 
completed, will occupy an area of fifty acres, 
which will be kept continually supplied with fresh 
water, the arrangements being such, or to be such, 
as will insure a permanent change of water, and 
prevent any of the evils that may arise from stag- 
nancy. The well is fed from the earth, consisting 
of a circuit of 2 miles, with a fall of 5 ft. to the 
mile. For this reason it does not appear easy to 
exhaust the supply, as when the water is pumped 
out to 4 or 5 ft. from the surface of the well , it is 
replaced at a rate equal to the demand. Every 
allowance has been made for evaporation from the 
lake and pools, and the supply is regarded as in- 
exhaustible, Another important fact here sug- 
gests itself; that is, that sufficient rain falls dur- 
ing the season in the area of 2 miles around the 
well to make the supply perennial. The Prospect 
Park well is a credit to Brooklyn. 


| pee ARCHES AND SvusPENsION BripocEs.—At 
a meeting of the Royal Scottish Society of Arts 
held at Edinburgh on Monday night, a communi- 
cation was read on ‘* Braced Arches and Suspen- 
sion Bridges,” by Mr. Jenkin, Professor of Civil 
Engineering in the University of Edinburgh. The 
Professor stated that the experiments made in 
connection with the Britannia Bridge had estab- 
lished the theory of metal girders on a sure 
practical basis, and with the inquiry of a Royal 
Commission into the application of iron to railway 
structures, had led not only to the general adop- 
tion of the iron girder a sa convenient type of bridge, 
but also to a widespread belief that essentially the 
girder is a cheaper and lighter form of support 
than the metal arch, The suspension bridge, 
indeed, the theory of which was identical with 
that of the arch, was known to bea lighter form of 
support than the girder; but an impression 
— that the flexibility of the form could not 

really overcome without sacrificing the light- 





ness; and although this prejudice had been 


gradually yielding, the assertion that a stiff suspen- 
sion bridge might be advantageously used for 
moderate spans would be received with. doubt, 
while a statement that a cast-iron arch might not 
only be safely used for spans of 700 or 800 ft., but 
would be lighter than a girder for ordinary spans, 
would excite simple incredulity among practical 
men. Calculation showed that there was no 
essential superiority in the girder over the two 
other forms ; but the adoption of braced arches 
and braced suspension bridges had been very 
materially retarded by the difficulty in making the 
necessary calculations as to the strains 
to the parts. In speaking of braeed ribs, 
the Professor said the exact determination of the 
state of stressat different points became a problem 
of almost impracticable perplexity. He gave in 
his paper a method, founded upon a theory due to 
Professor Clark Maxwell, by which the necessary 
calculations could be made without extreme diffi- 
culty. These calculations had led to some novel 
and important results, showing a distribution of 
material in braced ribs or suspension bridges 
different from that hitherto employed, Thus, a 
chain of a braced suspension bridge, of a form 
which was exhibited in model, should be deeper 
at the middle to less than one-fourth of its cross 
section to the pier, and the bottom member also 
holding tension, should be increased in the ratio 
of 1 to 10 from the piers to the centre, where it 
should have nearly the cross section of the top 
chain at the pier. The arch should be designed 
with the same distribution of metal. Tables ex- 
hibiting the results of a comparison between 
arches and girders showed a great superiority in 
the arch or inverted arch. When a series of arches 
was designed, the thrust of one loaded arch could 
easily be provided for without greatly straining its 
unloaded neighbor. The paper was illustrated 
by models, one of which showed the perfect stiff- 
ness of a suspension bridge in which the top 
member was a chain, and the bottom member a 
straight tie parallel with the roadway. After dis- 
cussion, the paper was referred to a commiite2.— 
The Building News. 


H™: Gate—Proposep CANAL THROUGH ASTORIA. 
—No one denies the fact that great advantages 
would accrue to our coasting trade, if the obstruc- 
tions at Hell Gate were removed, and a safe chan- 
nel laid out, available at all times of the tide. The 
work of Prof. Maillefert has already lessened the 
dangers of navigation in that locality, and the 
Government is making an effort in this direction 
also—which, however, it is thought by many will 
involve a vast expenditure of money and extend 
over a period of many years. , Mr. W. W. Vander- 
bilt, late Constructing Engineer of the Pacific Mail 
Steamship Company, has conceived a plan for ex- 
cavating a canal through the promontory upon 
which Astoria ‘stands, and thereby forming a 
straight course from the East River to the entrance 
of the Sound, thus avoiding the crooked and dan- 
gerous channel now used by crafts in entering the 
Sound from New York, and vice versa. At first 
glance this is a startling proposition; yet upon ex- 
amination the plan appears not only feasible, but 
far more economical than any yet put forward. 
The work could be accomplished with certainty, 
regardless of tide and weather, and could be com- 
pleted inside of two years, at an estimated cost of 
not exceeding $3,000,000. The channel proposed 
would be about 2,000 ft. in length, 600 ft. in 
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breadth, equal to the width between Blackwell’s | 
Island and the Long Island shore, and with a | 
depth at low tide of 34 ft., so that vessels of any | 
draft and tonnage could pass through at all times | 
of tide, and by night as well as day, in perfect safe- 
ty. The point cut off from the main land could | 
be appropriately used for the storage of petroleum | 
and like inflammable stuff, or fora variety of other | 
purposes, It is true, as the scheme now stands, 
the canal would strike through some valuable | 
property; still the general plan is not incapable of 
modification by shifting the channel further to the 
westward, so as to bring it in line with the west- 
ward channel of Blackwell’s Island, and then re- 
moving the extreme end of the promontory, around 
which at present the water rushes with mill stream 
velocity. The plan has many good points. Some 
of the most intelligent of the Hell Gate pilots who 
have seen the drawings, speak openly in its favor, 
and many engineers and practical men also indorse 
it. As yet no carefully prepared estimates have 
been made, nor comparison with the proposed 
work of Gen. Newton, the United States Engineer; 
but it is safe to say that the cost of the Government 
work would be double, if not treble, that of Mr. 
Vanderbilt. Parties are looking into the matter 
with a seriousness that indicates a possibility that 
something may yet be done in this locality which 
will be of enduring benefit to our marine interests, 
and at a reasonable cost.—Gas Light Journal. 


Sure Canau ackoss Care Cop.—We learn that 

a party of capitalists of ample means have 
organized their resources for the purpose of con- 
structing a ship canal across Cape Cod, a project 
that has been much discussed, but which has never 
before assumed a practical shape. It is contem- 
plated to build the canal in nearly a direct line 
from Buzzard’s Bay to Cape Cod Bay, through a 
narrow neck of land separating those waters, which 
shall afford a sufficient depth of water to float the 
largest class of vessels. The canal will be 300 ft. 
wide, and deep enough to insure 24 ft. of water at 
low tide. A company has been formed to carry 
out the enterprise, the land surveyed, and other 
preliminary measures taken, and they now only 
await a charter from the Legislature for requisite 
authority to commence the undertaking. It is 
stated that the persons who propose to achieve 
this important work are fully prepared to carry it 
out, and ask for no pecuniary aid from the State 
in furtherance of the object. The great value of 
the proposed canal to the commercial interests of 
Massachusetts will undoubtedly commend it to 
public favor, as the importance of such a work has 
often been shown during the past few years.— 
Boston Journal. 





NEW BOOKS. 











az Mipnicut Sky—Famiu1ar Notes oN THE 

Stars anp Puanets. By Epwin Dunsm, F. 
R.A.S., of the Royal Observatory at Greenwich. 
London: Religicus Tract Society. 1869. For 
sale by D. Van Nostrand. 

Although this work can in no way be considered 
as a rival to Mr. Proctor’s excellent Star Maps, it 
is nevertheless one which must take a high rank 
of its own, and which appeals especially to the 





lover of popular science. It is certainly one of the 
best things which the Religious Tract Society has 


ever published, and we congratulate the Society on 
the fact. The author has sought to produce a 
general treatise on astronomy which shall at the 
same time contain a series of star maps useful to 
the amateur; and he has succeeded very well in 
his efforts. The ample quotations we have already 
made from the work elsewhere will be sufficient to 
show our readers the character of the book, and 


| the clearness of Mr. Dunkin’s style. But they 


cannot gather from them the character of his star 
maps, which is indeed somewhat peculiar. His 
aim has been to depict the sky just asa Londoner 
would see it during the various months of the 
year ; and his method of execution, though not 
rigidly scientific, is still enough so for all practical 
purposes, and it has the great merit that it can be 
studied and understood, even by the most unini- 
tiated. Indeed, one who knew nothing at all of as- 
tronomy could, in the course ofa few bright 
nights, become familiar with all the constellations 
from this handsome volume. Let us take the 
first four illustrations as an example. Here we 
have two quarto plates. On the _—- part of one 
is represented on a black ground the midnight sky 
of London, looking north, as seen on January 15. 
The stars are not named in the illustration, but 
below it is a small key or index map which en- 
ables the observer at a glance to find ont the stars 
of greater magnitude. ‘The second plate shows us 
the midnight sky of London, looking south, for 
the same date. In the lower part of each plate are 
shown the characteristic buildings, scenery, etc., 
of the locality from which the astronomer is sup- 
posed to take his observations. Thus, in the first 
we see St. Paul’s and the different structures 
which lie in its neighborhood ; and in the second, 
the Royal Observatory and the Hospital of Green- 
wich stand prominently forward. Pursuing this 
plan, the author deals thus with every month in 
the year, and furnishes, as we have said, a simple 
and intelligible series of star maps, which are de- 
scribed with some minuteness in the text. 

Having treated in this way of the midnight sky 
as seen in the northern hemisphere, he next pass- 
es on to the sky of the southern hemisphere, and 
deals with it in an equally liberal spirit. Then 
follow the accounts of the constellations, consid- 
ered independently, and of the Sun, Moon (in- 
cluding eclipses), the terrestrial planets, the 
Earth, the planetoids and the major planets, 
comets, and meteors ; and lastly, a short chapter 
on Astronomy and the Bible. In all his descrip- 
tions the author is clear and popular, and not 
inaccurate ; and for these reasons we have pleas- 
ure in recommending the work. The chapter on 
Biblical matters is the only one to which we 
object ; we presume its introduction was unavoid- 
able, but we must say that, however well inten- 
tioned, it is creditable to neither the author nor 
Modern Astronomy.— Scientific Opinion. 


lage Srraiss on Structures or Isgon-Wons. 

With Practical Remarks on Iron Construction. 
By F. W. Sutetps, M. Inst. C. E. Second edi- 
tion. London: John Weule, 1867. For sale by 
D. Van Nostrand. 

The methods of computation in this work are 
arithmetical, but are sufficiently comprehensive 
for the varieties of bracing discussed. 

The Warren girder receives its full share of at- 
tention. : 

The Bowstring girder, with and without v.rti- 
cal struts, as well as the forms of bracing mort 
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frequently applied to iron roofs in this country, 
are treated in a manner which requires no familiar- 
ity with the higher mathematics to compre- 
hend. 

The practical remarks on Iron Construction are 
too brief to be of much value. 

Five well-executed plates illustrate the work. 


ae Sun. By AmEDEE Gouimtemry. From the 
French, by T. L. Pareson, Ph.D. London: 
Bentley, 1870. For sale by D. Van Nostrand. 

M. Guillemin’s work on ‘‘The Heavens,” which 
was introduced to the English public some years 
since by Mr.J. Norman Lockyer, was so deservedly 
popular a book that, naturally, the present volume 
will be received with no little favor. 
that readers of ‘‘ The Heavens” will be somewhat 
disappointed with ‘The Sun.” Somewhat, we 
say ; because, as a general treatise, it is not, in 
our opinion, to be compared to the earlier work. 
It must not, however, on that account, be imag- 
ined that the present volume is not a good one, 
and is not full of matter just now of especial in- 
terest to the educated public. 


EPORT ON THE FILTRATION OF River Waters, for 


the supply of cities, as practised in Europe, | 


made to the Board of Water Commissioners of the 
city of St. Louis. By James P. Kirkwood, C. E. 
1 vol. 4to, 178 pp. and 33 Lithographed Engrav- 
ings.—D. Van Nostrand, Publisher. 

This subject, one but little understood with us, 
has received the most careful attention from the 
Engineer of the St. Louis Water-Works, Mr. Kirk- 
wood, in an elaborate Report to the Commissioners 
of that work, published in a quarto volume with 
copious illustrations. 

The water supply of an inland city must be 
sought for mainly in river water, with more or less 
morganic impurities, which admit of ready svpar- 
ation by the proper means; what those means are, 
we have no precedent at hand for determining. It 
is in the experience of the oldest cities of Europe 
alone, that the data can be found to meet the future 
wants of our growing cities, and Mr. Kirkwood, 
after a careful examination of the prominent water- 
works of Europe, has given us the result of his 
labors, which will prove a standard work on the 
subject of filtration. 

Although nominally a Report on Filtration, it 
at the same time embraces the characteristics of 
the various water-works examined, including the 
nature and extent of supply, the power used, and 


the nature of its application; fuel, consumption | 


and cost; work done in water raised to a given 
height—in fact, all the details essential to the com- 
plete elucidation of the subject of water supply in 
the following localities: London,embracing Chelsea, 
Lambeth, Southwark, and Vauxhall Water-Works, 
Grand Junction, West Middlesex, New River and 
East London, Wakefield, Leicester, York, Liver- 
pool, Edinburgh, Dublin, Perth, Berlin, Hamburg, 
Altona, Tours, Angers, Nantes, Lyons, Toulouse, 
Marseilles, Genoa, and Leghorn. ‘The illustrations 


are very clear and precise, and the work fills a gap | 


long existing in the literature of the profession of 
civil engineering. 


AS IntRopvcTIon To THE ScrENcE oF Hzat, de- 
signed for the use of schools and candidates 
for University Matriculation Examinations. By 
Tempte Avcusrus Ormz, Teacher of Chemistry 


But we fear | 


| and Experimental Physics, University College 
| School, London. London: Groombridge & Sons. 
1869. For sale by Van Nostrand. 

The author discusses his subject in tweive chap- 
ters, and treats of Expansion and Conduction in 
Solids ; Expansion, Conduction, and Convection 
in Liquids and in Gases ; Evaporation and Lique- 
faction; Relative (or Specific) Heat; Nature of 
Heat ; Connections between the Sciences of Heat 
and Chemistry ; Radiation. We will try to include 
within our allotted space a word on the treatment 
of each of these subjects. 

In the introductory remarks on Expansion the 
| author puts himself the questions: ‘* How is it 
|that substances do not expand without being 

heated? and, How is it they do expand when 
heated?” and, of course, gives an answer to them. 
This he does by referring to cohesion as a force to 
be overcome by the heat. We are inclined to call 
this very old-fashioned teaching, and poor philos- 
ophy—quite out of place in a work so generally 
excellent as we find this little book to be. Our 
answer to the above questions would be: We do 
not know how ; the facts are so, that is all we can 
| Sa 





| 


On conduction by solids, we find the author 
| careful to be accurate in his teaching, and the 
| same is true throughout the boook. We will here 
| quote him :-— 
| ‘If two similar bars, one of copper and the 
other of iron, are heated at one end, the opposite 
| end of the copper bar will become hot long betore 
| the corresponding end of the iron bar. It is very 
natural to conclude from this that copper isa 
better conductor of heat than iron is; but it wil] 
be shown in a future chapter that this is by no 
means a logical conclusion.” 

It is afterwards pointed out to the student that 
the rate of transmission of heat depends upon the 
relative heat of the body as well as its conduc- 
tivity. 

Under expansion of liquids the effects of tem- 
perature on the height of the barometer, and the 
calculations they make necessary for the correct 

reading of the pressure of the atmosphere, are care- 
fully considered ; we think, however, there is room 
| for a simpler treatment than it receives of this not 
very difficult subject. 

Ventilation, atmospheric currents, relative 
weight (specific gravity) of gases and vapors (and 
the methods of taking it) are included and clearly 

| described in the chapter on expansion of gas2s. 
| ‘The chapters on evaporation and liquefaction are 


| . ° 
| also to be commended ; they of course, include an 





| account of latent, or, as it is here called, potential, 
| heat, and the tension of vapors. 

The difficulties generally felt by the student in 
| mastering the subject of specific or relative heat 
| will, we think, be found to be almost entirely re- 
| moved, in consequence of the methodical treat- 
| ment it here receives, The chapter on the nature 
| of heat is an account of the reciprocal convertibility 
| of heat and mechanical force, and the conclusion 
from this fact, that “heat is a mode of motion.” 
| Itsays nothing, we are glad to add, of that subtle 
fluid, caloric, on which writers have been so fond 
of dilating. In the remaining chapter, radiation 
|} and absorption of heat and the diathermanency of 
| bodies are described. 

| Mr. Orme’s little treatise appears to us to be an 
excellent text-book, meeting a want, and we 
| congratulate him on its production.—Scientific 

Opinion. 
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= Mecuanics: A Manual of the Me- 
chanics of Engineering and of the Constrne- 
tion of Machines, with an Introduction to the Cal- 
culus, designed as a text-book for Technical Schools 
and Colleges, and for the use of Engineers, Archi- 
tects, etc., by Jutrus Wetsnacn, Ph.D., Oberber- 
grath and Professor at the Royal Mining Academy 
at Freiberg; Member of the Imperial Academy of 
Sciences at St. Petersburg, etc. In 3 vols. Vol. 


L., Theoretical Mechanics, with 902 wood-cuts in | 


the text. Translated from the fourth augmented 
and improved German edition, by Eckley B. Coxe, 
A. M., Mining Engineer, 1,112 pages, 8vo. 
York, 1870. D. Van Nostrand, Publisher. 
An English translation of the first edition of this 
work, published in two volumes over twenty years 
ago, though poor as a translation, has yet been so 
extensively used, and of late commanded so high a 
rice, as to show conclusively the very great excel- 
ence of the work itself in the estimation of teach- 
ersand engineers. All who have known either the 
original or the translation named, will be glad to 
learn that the new translation, the first half volume 
of which is now before us, besides being made 
from the fourth greatly enlarged and improved 
German edition, is also, as a translation, a great 
improvement on the old one, and, in some respects, 


is an improvement on the original itself, being | 


made under the author's sanction, and embodying 
the latest corrections of both author and translator. 
This part, issued in advance of the complete vol- 
ume, to meet the immediate demand for it as a 
text-book, includes the four sections: 1, Simple 
Motion; 2, Mechanics, or the Physical Science of 
Motion in general; 3, Statics of Rigid Bodies, and 


4, the Application of Statics to the Elasticity and | 
Strength of Bodies; together with a preliminary | 
The use of the Cal- | 


introduction to the Calculus. 
culus in this edition has involved the recasting of 

_large portions of the work, as, especially, in the 
fourth section of this part. The entire work will, 
like the original, fill three octavo volumes of ten or 
twelve hundred pages each. Though too extensive, 
perhaps, and difficult for many besides special stu- 
dents and professional engineers, it will still, we 
hope, meet with such favor as to remunerate the 
enterprising publishers for undertaking to place 
before the country this invaluable Thesaurus of 
Theoretical and Applied Mechanics.—American 
Journal of Science and Art. 





MISCELLANEOUS, 


EW TuHermo-Exxctric Pirie or M. More & Cra- 
monD.—This thermo-electric pile, because of 
the intensity of the current and its economy, 
can be usefully employed in divers applications. 
It is made up-of 6U elements. These consist of 
small bars of lead, or native sulphuret of lead, and 
of plates of steel. The bars are 40 millimetres long 
by 8 thick, and the plates of steel are 55 millime- 
tres long by 8 broad, and 0.6 thick. 

In these couples galena is the electro-negative 
element; iron, the electro-positive. The form of the 
bars is such that by placing them side by side, 
they form a ring of 12 couples, of which the interior 
is fermed by the extremities which are to be heat- 
ed. They are united in tension by means of tin 
solder. They are isolated from one another by 
thin mica a. By placing 5 of these rings ina 
vertical column, a battery of 60 couples is formed. 
These rings are isolated and separated by washers 


New | 


‘of asbestos. The whole is firmly he!d between 2 
| iron rings by means of 3 bolts. 

The pile thus forms a hollow cylinder, the in- 
terior of which must be heated. The cooling of 
the junctions, whose temperature should be lower, 
is caused by radiation into the air. The interior 
cylinder measures 50 millimetres in diameter and 
about the same in height. The heated surface is 
about 78 sq. centimetres. The apparatus is heated 
by a gas burner, consisting of a steel cylinder 55 
millimetres in diameter, closed above, open below, 
'and pierced with small orifices. ‘This.is placed in 
the centre of the pile. A tube pierced with holes 
surrounds this cylinder and distributes the gas 
uniformly around it. The gas rises, and arriving 
at the orifices in the burner, meets the air which is 
escaping from it because of the draft of the tube of 
| steel that surrounds the apparatus. Each orifice 
|in the burner thus forms a blowpipe, the jet of 
| which strikes the opposite side. 
| Forty couples have an electro-motive force equal 
| to that of a Bunsen element. Its interior resistance 
| to cold is that of a copper wire 9.85 millimetres, 
/ and 1 millimetre in diameter. But during its ac- 
| tion, it increases and becomes equal to 22 metres. 
| The current is intense in proportion to the feeble- 
, ness of resistance, 

Visible sparks are obtained between the two 
electrodes, The current reddens a platinum wire 
0.3 mil. in diameter a length of 35 mil. It also 
| decomposes water. 
| This pile, acting for 10 consecutive hours, con- 
| sumed 785 htres of gas, at an expense of 2 centimes 
‘and a halfan hour. Itis, therefore, an economical 
| generator of electricity.—Le Génie Industriel. 


} gona Trx. About two years ago considerable 
iVL interest was manifested in regard to the dis- 


covery of very extensive deposits of tin ore in this 
State, and land ownersand speculators were accu- 
sed of having the ‘Tin Fever.” Weeksand montks 
were spent by prospecting parties, and all the tin 
lands that could be purchased at reasonable rates 


changed hands. One company was organized, in- 
vested about $30,000 in tunnelling the hill and in 
work preparatory to the erection of a furnace. 
But their work has been stopped for several months 
—whether from want of capital, or energy and 
enterprise, we are not informed. Meanwhile, they 
have discovered tin ore in California, which is said 
to be inferior to the Missouri ore, and we now see 
by a California paper, that ‘The first article of 
tinware manufactured from tin mined in the United 
States has just been completed in San Francisco.” 
Numerous assays have been made of this ore by 
chemists and assayers of national reputation, who 
have repeatedly stated here that the ore will yield 
from 3 to 5 per cent. of pure tin; yet, when they 
' reach the Atlantic cities, where the tin importers 
hold sway, they fail to find tin in paying quantities. 
Chemical analysis and assays are not wanted 
now; but, instead, we need a furnace to smelt the 
prepared ore and produce the pigs and bars of tin. 
| A test furnace need not be very expensive, and 
| this question, if decided affirmatively, will be of 
| the greatest importance to this city, State, and the 
| whole nation, as the importation of foreign tin 
| into the United States now amounts to from five 
| to six million dollars annually, and is constantly 
increasing. Who can say that the practical inves- 
tigation of this subject will not prove as satisfactory 
as the experiments in smelting iron with our native 

! coals ?—The Iron Age. 
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